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Management Summary 
Road	 ﾠtransportation	 ﾠis	 ﾠconfronted	 ﾠwith	 ﾠmajor	 ﾠchallenges.	 ﾠThe	 ﾠglobal	 ﾠrise	 ﾠof	 ﾠ
greenhouse	 ﾠgas	 ﾠ(GHG)	 ﾠemissions	 ﾠand	 ﾠits	 ﾠpotentially	 ﾠdevastating	 ﾠconsequences	 ﾠ–	 ﾠ
global	 ﾠwarming	 ﾠ–	 ﾠrequire	 ﾠa	 ﾠcomprehensive	 ﾠregulatory	 ﾠframework	 ﾠfor	 ﾠemissions,	 ﾠ
including	 ﾠthose	 ﾠof	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠAlternative	 ﾠfuels	 ﾠand	 ﾠvehicles	 ﾠare	 ﾠwidely	 ﾠ
regarded	 ﾠas	 ﾠa	 ﾠpossible	 ﾠsolution	 ﾠstrategy	 ﾠtowards	 ﾠsustainable	 ﾠtransport.	 ﾠAlready	 ﾠa	 ﾠ
variety	 ﾠof	 ﾠexisting	 ﾠregulations	 ﾠbut	 ﾠalso	 ﾠrising	 ﾠoil	 ﾠprices	 ﾠand	 ﾠconcerns	 ﾠover	 ﾠlimited	 ﾠ
resources	 ﾠincentivize	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠand	 ﾠvehicles,	 ﾠe.g.	 ﾠplug-ﾭ‐in	 ﾠ
hybrids,	 ﾠelectric	 ﾠvehicles.	 ﾠHowever,	 ﾠthe	 ﾠcurrent	 ﾠpolicy	 ﾠframework	 ﾠin	 ﾠthe	 ﾠUS	 ﾠand	 ﾠthe	 ﾠ
EU	 ﾠis	 ﾠnot	 ﾠnecessarily	 ﾠfully	 ﾠeffective	 ﾠand	 ﾠefficient	 ﾠin	 ﾠaddressing	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠ
transport	 ﾠsector.	 ﾠ	 ﾠ
Fuel	 ﾠproducers,	 ﾠcar	 ﾠmanufacturers	 ﾠand	 ﾠconsumers	 ﾠall	 ﾠhave	 ﾠmajor	 ﾠinfluence	 ﾠ	 ﾠ
on	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠtransportation.	 ﾠEach	 ﾠof	 ﾠthese	 ﾠagents	 ﾠhas	 ﾠa	 ﾠrange	 ﾠof	 ﾠoptions	 ﾠto	 ﾠ
mitigate	 ﾠoverall	 ﾠemissions	 ﾠ–	 ﾠand	 ﾠresponsibilities	 ﾠthat	 ﾠcorrespond	 ﾠto	 ﾠthese	 ﾠoptions.	 ﾠ
Policy	 ﾠinstruments	 ﾠaddress	 ﾠdifferent	 ﾠactors	 ﾠand	 ﾠare	 ﾠdesigned	 ﾠto	 ﾠaddress	 ﾠrespective	 ﾠ
responsibilities.	 ﾠAlternative	 ﾠfuels,	 ﾠsuch	 ﾠas	 ﾠelectricity	 ﾠfor	 ﾠelectric	 ﾠvehicles,	 ﾠdiffer	 ﾠnot	 ﾠ
only	 ﾠin	 ﾠmagnitude	 ﾠand	 ﾠvariance	 ﾠfrom	 ﾠconventional	 ﾠfuels,	 ﾠbut	 ﾠalso	 ﾠinherently	 ﾠdisplay	 ﾠ
a	 ﾠdifferent	 ﾠlife	 ﾠcycle	 ﾠpattern:	 ﾠWhereas	 ﾠconventional	 ﾠfuels	 ﾠare	 ﾠmostly	 ﾠend-ﾭ‐of-ﾭ‐pipe,	 ﾠ
emissions	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠare	 ﾠfurther	 ﾠupstream,	 ﾠe.g.	 ﾠat	 ﾠpower	 ﾠplants.	 ﾠHence,	 ﾠwith	 ﾠ
rising	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠand	 ﾠvehicles,	 ﾠsuch	 ﾠas	 ﾠelectric	 ﾠcars,	 ﾠdoes	 ﾠthe	 ﾠ
current	 ﾠmix	 ﾠof	 ﾠpolicy	 ﾠinstruments	 ﾠstill	 ﾠappropriately	 ﾠaddress	 ﾠthe	 ﾠresponsibility	 ﾠof	 ﾠ
major	 ﾠactors	 ﾠand	 ﾠencourage	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠlow	 ﾠcarbon	 ﾠfuels	 ﾠand	 ﾠalternative	 ﾠ
fueled	 ﾠvehicles	 ﾠproperly?	 ﾠ
GHG	 ﾠemissions	 ﾠcan	 ﾠbe	 ﾠdecomposed	 ﾠinto	 ﾠcarbon	 ﾠintensity,	 ﾠenergy	 ﾠefficiency	 ﾠ
and	 ﾠtotal	 ﾠtransport	 ﾠdemand.	 ﾠWhile	 ﾠfuel	 ﾠproducers	 ﾠcan	 ﾠbe	 ﾠhold	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠ
carbon	 ﾠintensity	 ﾠof	 ﾠfuels,	 ﾠcar	 ﾠmanufacturers	 ﾠare	 ﾠaccountable	 ﾠfor	 ﾠthe	 ﾠ	 ﾠefficiency	 ﾠof	 ﾠ
vehicles,	 ﾠand	 ﾠconsumers	 ﾠfor	 ﾠtotal	 ﾠtransport	 ﾠdemand.	 ﾠIn	 ﾠthe	 ﾠEuropean	 ﾠUnion,	 ﾠthe	 ﾠUS,	 ﾠ
and	 ﾠCalifornia,	 ﾠcar	 ﾠmanufacturers	 ﾠare	 ﾠregulated	 ﾠin	 ﾠg	 ﾠCO2	 ﾠper	 ﾠkm	 ﾠor	 ﾠmile,	 ﾠi.e.	 ﾠa	 ﾠ
measure	 ﾠthat	 ﾠtargets	 ﾠboth	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠfuels	 ﾠand	 ﾠenergy	 ﾠefficiency	 ﾠof	 ﾠcars.	 ﾠ
While	 ﾠthis	 ﾠchoice	 ﾠof	 ﾠunits	 ﾠdeserves	 ﾠmerits	 ﾠin	 ﾠa	 ﾠlandscape	 ﾠof	 ﾠa	 ﾠfew	 ﾠconventional	 ﾠfuels	 ﾠ
with	 ﾠmostly	 ﾠconstant	 ﾠlife	 ﾠcycle	 ﾠemissions,	 ﾠthis	 ﾠchoice	 ﾠbecomes	 ﾠinconsistent	 ﾠwith	 ﾠ
increasingly	 ﾠvarying	 ﾠfuel	 ﾠpathways	 ﾠthat	 ﾠsystematically	 ﾠshift	 ﾠemissions	 ﾠupstream.	 ﾠ
Beyond,	 ﾠthe	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠelectricity	 ﾠvaries	 ﾠenormously	 ﾠbetween	 ﾠfuel	 ﾠsources	 ﾠ
(e.g.	 ﾠcoal	 ﾠvs.	 ﾠwind).	 ﾠLife	 ﾠcycle	 ﾠemissions	 ﾠof	 ﾠbiofuels	 ﾠvary	 ﾠto	 ﾠequally	 ﾠwide	 ﾠdegree	 ﾠ
according	 ﾠto	 ﾠproduction	 ﾠprocess,	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠland-ﾭ‐use	 ﾠemissions.	 ﾠEven	 ﾠfossil	 ﾠ
fuels	 ﾠhave	 ﾠincreasingly	 ﾠvarying	 ﾠupstream	 ﾠemissions,	 ﾠconsider,	 ﾠe.g.,	 ﾠCanadian	 ﾠoil	 ﾠtar	 ﾠ
sands.	 ﾠAll	 ﾠof	 ﾠthese	 ﾠemissions	 ﾠcan	 ﾠhardly	 ﾠbe	 ﾠinfluenced	 ﾠby	 ﾠcar	 ﾠmanufacturers.	 ﾠAs	 ﾠa	 ﾠ
result,	 ﾠpolicy	 ﾠinstruments	 ﾠneed	 ﾠto	 ﾠmore	 ﾠspecific	 ﾠin	 ﾠaddressing	 ﾠcar	 ﾠmanufacturers	 ﾠ
and	 ﾠfuel	 ﾠproducers.	 ﾠ	 ﾠ  3	 ﾠ
The	 ﾠquality	 ﾠof	 ﾠpolicy	 ﾠinstruments	 ﾠcan	 ﾠbe	 ﾠevaluated	 ﾠaccording	 ﾠto	 ﾠa	 ﾠnumber	 ﾠof	 ﾠ
criteria,	 ﾠnotably	 ﾠeffectiveness	 ﾠand	 ﾠefficiency.	 ﾠPolicy	 ﾠinstrument	 ﾠfor	 ﾠclimate	 ﾠchange	 ﾠ
mitigation	 ﾠalso	 ﾠmust	 ﾠhave	 ﾠsufficient	 ﾠscope	 ﾠin	 ﾠcapturing	 ﾠall	 ﾠemissions.	 ﾠ	 ﾠ	 ﾠ
Current	 ﾠclimate	 ﾠpolicies	 ﾠin	 ﾠthe	 ﾠtransportation	 ﾠsector	 ﾠare	 ﾠdominated	 ﾠby	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards.	 ﾠStandards	 ﾠare	 ﾠset	 ﾠin	 ﾠmiles	 ﾠper	 ﾠgallon,	 ﾠliter	 ﾠper	 ﾠkm	 ﾠand	 ﾠg	 ﾠCO2	 ﾠper	 ﾠ
km	 ﾠor	 ﾠmile.	 ﾠThese	 ﾠstandards	 ﾠare	 ﾠcurrently	 ﾠreviewed	 ﾠin	 ﾠorder	 ﾠto	 ﾠlink	 ﾠenergy	 ﾠ
efficiency	 ﾠof	 ﾠalternative	 ﾠfuel	 ﾠvehicles	 ﾠto	 ﾠfuel	 ﾠefficiency	 ﾠof	 ﾠconventional	 ﾠvehicles.	 ﾠTo	 ﾠ
consider	 ﾠthe	 ﾠcar	 ﾠmanufacturers’	 ﾠand	 ﾠfuel	 ﾠproducers’	 ﾠinfluence	 ﾠon	 ﾠalternative	 ﾠfueled	 ﾠ
vehicles	 ﾠalong	 ﾠthe	 ﾠlife-ﾭ‐cycle	 ﾠproperly	 ﾠa	 ﾠregulatory	 ﾠframework	 ﾠhas	 ﾠto	 ﾠreflect	 ﾠthe	 ﾠ
responsibilities	 ﾠof	 ﾠdifferent	 ﾠactors.	 ﾠFor	 ﾠvehicle	 ﾠregulation,	 ﾠhence,	 ﾠstandards	 ﾠneed	 ﾠto	 ﾠ
specifically	 ﾠaddress	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency.	 ﾠThe	 ﾠconsumption	 ﾠof	 ﾠalternative	 ﾠfueled	 ﾠ
vehicles	 ﾠcan	 ﾠbe	 ﾠconverted	 ﾠinto	 ﾠexisting	 ﾠvolume-ﾭ‐based	 ﾠmetrics	 ﾠsuch	 ﾠas	 ﾠliter	 ﾠper	 ﾠkm.	 ﾠ
As	 ﾠlong	 ﾠas	 ﾠg	 ﾠCO2	 ﾠper	 ﾠkm	 ﾠor	 ﾠmile	 ﾠstandards	 ﾠare	 ﾠstill	 ﾠvalid,	 ﾠthese	 ﾠshould	 ﾠreflect	 ﾠtank-ﾭ‐to-ﾭ‐
wheel	 ﾠemissions,	 ﾠe.	 ﾠg.	 ﾠaccounting	 ﾠ0	 ﾠg	 ﾠper	 ﾠkm	 ﾠor	 ﾠmile	 ﾠfor	 ﾠelectric	 ﾠcars.	 ﾠWith	 ﾠsignificant	 ﾠ
market	 ﾠshares	 ﾠof	 ﾠdifferent	 ﾠalternative	 ﾠvehicles,	 ﾠin	 ﾠthe	 ﾠlong	 ﾠterm	 ﾠstandards	 ﾠshould	 ﾠbe	 ﾠ
set	 ﾠpurely	 ﾠin	 ﾠterms	 ﾠof	 ﾠenergy	 ﾠefficiency,	 ﾠe.g	 ﾠMJ/km	 ﾠin	 ﾠorder	 ﾠto	 ﾠdefine	 ﾠa	 ﾠcommon	 ﾠ
efficiency	 ﾠdenominator	 ﾠfor	 ﾠdifferent	 ﾠfueled	 ﾠvehicles.	 ﾠ	 ﾠ
Carbon	 ﾠintensity	 ﾠand	 ﾠoverall	 ﾠcarbon	 ﾠemissions	 ﾠare	 ﾠbest	 ﾠregulated	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠ
of	 ﾠfuel	 ﾠproviders.	 ﾠCarbon	 ﾠintensity	 ﾠspecific	 ﾠpolicies	 ﾠare	 ﾠdominated	 ﾠby	 ﾠrenewable	 ﾠfuel	 ﾠ
standards	 ﾠ(RFS)	 ﾠand	 ﾠother	 ﾠquotas	 ﾠfor	 ﾠbiofuels.	 ﾠThese	 ﾠinstruments	 ﾠare	 ﾠsuccessful	 ﾠin	 ﾠ
increasing	 ﾠthe	 ﾠshare	 ﾠof	 ﾠbiofuels	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠHowever,	 ﾠbiofuel	 ﾠquotas	 ﾠ
insufficiently	 ﾠaddress	 ﾠlife	 ﾠcycle	 ﾠemissions	 ﾠand	 ﾠprovide	 ﾠno	 ﾠreliable	 ﾠGHG	 ﾠemission	 ﾠ
reduction.	 ﾠMore	 ﾠadvanced	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠ(LCFS)	 ﾠ
rely	 ﾠon	 ﾠfull	 ﾠlife-ﾭ‐cycle	 ﾠemission	 ﾠaccounting	 ﾠ–	 ﾠa	 ﾠparticular	 ﾠchallenging	 ﾠand	 ﾠeven	 ﾠ
epistemological	 ﾠdifficult	 ﾠproblem.	 ﾠIntensity-ﾭ‐based	 ﾠstandards	 ﾠare	 ﾠappropriate	 ﾠin	 ﾠ
promoting	 ﾠlow-ﾭ‐carbon	 ﾠfuels,	 ﾠbut	 ﾠcan	 ﾠhave	 ﾠperverse	 ﾠeffects	 ﾠin	 ﾠaugmenting	 ﾠoverall	 ﾠ
fuel	 ﾠemissions.	 ﾠHence,	 ﾠa	 ﾠtechnology-ﾭ‐neutral	 ﾠinstrument	 ﾠfor	 ﾠreduction	 ﾠof	 ﾠboth	 ﾠcarbon	 ﾠ
intensity	 ﾠand,	 ﾠcrucially,	 ﾠoverall	 ﾠcarbon	 ﾠemissions	 ﾠis	 ﾠmissing.	 ﾠFurthermore,	 ﾠthe	 ﾠ
increase	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠand	 ﾠvehicles	 ﾠ-ﾭ‐	 ﾠshifting	 ﾠthe	 ﾠresponsibility	 ﾠand	 ﾠthe	 ﾠ
influence	 ﾠof	 ﾠdecarbonization	 ﾠto	 ﾠupstream	 ﾠemissions-ﾭ‐	 ﾠ	 ﾠrequires	 ﾠa	 ﾠreview	 ﾠof	 ﾠpolicy	 ﾠ
instruments.	 ﾠ	 ﾠA	 ﾠsuitable	 ﾠinstrument	 ﾠaddressing	 ﾠthese	 ﾠconcerns,	 ﾠencouraging	 ﾠthe	 ﾠ
decarbonization	 ﾠof	 ﾠtransport	 ﾠfuels,	 ﾠand	 ﾠacting	 ﾠas	 ﾠa	 ﾠcomplement	 ﾠto	 ﾠcrucial	 ﾠfuel	 ﾠ
efficiency	 ﾠand/or	 ﾠGHG-ﾭ‐standards	 ﾠdoes	 ﾠnot	 ﾠneed	 ﾠto	 ﾠbe	 ﾠinvented:	 ﾠit	 ﾠis	 ﾠcalled	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠ(or	 ﾠits	 ﾠpolicy	 ﾠcousins).	 ﾠ	 ﾠ
How	 ﾠthen	 ﾠcan	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠbe	 ﾠincluded	 ﾠinto	 ﾠGHG	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠ
systems?	 ﾠClearly,	 ﾠa	 ﾠcoherent	 ﾠprice	 ﾠon	 ﾠcarbon	 ﾠwould	 ﾠconstitute	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠ
the	 ﾠtransport	 ﾠclimate	 ﾠpolicy	 ﾠmix.	 ﾠConcerns	 ﾠsuch	 ﾠas	 ﾠinefficiently	 ﾠhigh	 ﾠpre-ﾭ‐existing	 ﾠfuel	 ﾠ
tax	 ﾠlevels,	 ﾠpotential	 ﾠconflicts	 ﾠbetween	 ﾠcarbon	 ﾠpricing	 ﾠand	 ﾠregulatory	 ﾠpolicies,	 ﾠ
redundancy	 ﾠof	 ﾠcarbon	 ﾠpricing	 ﾠwith	 ﾠeffective	 ﾠregulation	 ﾠin	 ﾠplace,	 ﾠand	 ﾠlack	 ﾠof	 ﾠscale	 ﾠ
regarding	 ﾠthe	 ﾠemission	 ﾠsaving	 ﾠimpacts	 ﾠfrom	 ﾠcarbon	 ﾠpricing	 ﾠdo	 ﾠnot	 ﾠrepresent	 ﾠ
obstacles	 ﾠto	 ﾠcarbon	 ﾠpricing.	 ﾠ
Both,	 ﾠemission	 ﾠtrading	 ﾠor	 ﾠtaxation	 ﾠcan	 ﾠbe	 ﾠimplemented	 ﾠto	 ﾠput	 ﾠa	 ﾠprice	 ﾠon	 ﾠ
carbon.	 ﾠHowever,	 ﾠeconomy-ﾭ‐wide	 ﾠemission	 ﾠtrading	 ﾠis	 ﾠthe	 ﾠmore	 ﾠsuitable	 ﾠinstrument	 ﾠ  4	 ﾠ
in	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠquantitative	 ﾠclimate	 ﾠpolicy	 ﾠobjectives.	 ﾠEmission	 ﾠtrading	 ﾠenables	 ﾠ
economically	 ﾠefficient	 ﾠattainment	 ﾠof	 ﾠa	 ﾠgiven	 ﾠemission	 ﾠbudget.	 ﾠUnder	 ﾠuncertainty,	 ﾠ
taxes	 ﾠcould	 ﾠrequire	 ﾠpolitically	 ﾠcostly	 ﾠadjustments	 ﾠnot	 ﾠonly	 ﾠwithin	 ﾠbut	 ﾠacross	 ﾠsectors	 ﾠ
to	 ﾠguarantee	 ﾠefficiency.	 ﾠ	 ﾠ
How	 ﾠis	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠfor	 ﾠroad	 ﾠtransport	 ﾠsuitably	 ﾠdefined?	 ﾠFor	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠ
regulation,	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠregulated	 ﾠentities	 ﾠneeds	 ﾠto	 ﾠbe	 ﾠkept	 ﾠlow	 ﾠand	 ﾠall	 ﾠavailable	 ﾠ
abatement	 ﾠoptions	 ﾠmust	 ﾠincentivized.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠshould	 ﾠbe	 ﾠ
chosen	 ﾠupstream	 ﾠe.g.	 ﾠat	 ﾠrefineries	 ﾠto	 ﾠkeep	 ﾠtransaction	 ﾠcosts	 ﾠof	 ﾠemission	 ﾠtrading	 ﾠlow.	 ﾠ
In	 ﾠcompetitive	 ﾠmarkets	 ﾠupstream	 ﾠentities	 ﾠwill	 ﾠpass	 ﾠon	 ﾠthe	 ﾠcost	 ﾠof	 ﾠallowance	 ﾠ
downstream	 ﾠto	 ﾠfinal	 ﾠconsumers,	 ﾠanalogous	 ﾠto	 ﾠexisting	 ﾠfuel	 ﾠtaxes.	 ﾠThus,	 ﾠin	 ﾠorder	 ﾠto	 ﾠ
incentivize	 ﾠall	 ﾠabatement	 ﾠoptions,	 ﾠtransport	 ﾠemissions	 ﾠneed	 ﾠto	 ﾠbe	 ﾠaddressed	 ﾠ
upstream	 ﾠrather	 ﾠthan	 ﾠdownstream	 ﾠin	 ﾠvirtually	 ﾠall	 ﾠfuel	 ﾠchains,	 ﾠincluding	 ﾠgasoline	 ﾠand	 ﾠ
diesel,	 ﾠbiofuels,	 ﾠelectricity,	 ﾠgas,	 ﾠand	 ﾠhydrogen.	 ﾠ	 ﾠAuctioning	 ﾠof	 ﾠallowances	 ﾠis	 ﾠ
recommended	 ﾠin	 ﾠorder	 ﾠto	 ﾠavoid	 ﾠwindfall	 ﾠprofits	 ﾠfor	 ﾠupstream	 ﾠfacilities	 ﾠ(e.g.	 ﾠ
refineries)	 ﾠthat	 ﾠwould	 ﾠaccrue	 ﾠunder	 ﾠfree	 ﾠallocation.	 ﾠ	 ﾠ
What	 ﾠkind	 ﾠof	 ﾠprice	 ﾠeffects	 ﾠcan	 ﾠbe	 ﾠexpected?	 ﾠConcerns	 ﾠover	 ﾠcarbon	 ﾠleakage	 ﾠin	 ﾠ
case	 ﾠof	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠjoining	 ﾠa	 ﾠmulti-ﾭ‐sector	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠfeature	 ﾠ
prominent	 ﾠin	 ﾠthe	 ﾠEuropean	 ﾠdebate.	 ﾠThese	 ﾠconcerns	 ﾠderive	 ﾠfrom	 ﾠthe	 ﾠrelatively	 ﾠsteep	 ﾠ
abatement	 ﾠcost	 ﾠcurve	 ﾠof	 ﾠroad	 ﾠtransportation,	 ﾠand	 ﾠthe	 ﾠfear	 ﾠthat	 ﾠroad	 ﾠtransport	 ﾠEU	 ﾠ
ETS	 ﾠinclusion	 ﾠwould	 ﾠincrease	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠallowance	 ﾠ(EUA)	 ﾠprice,	 ﾠthereby	 ﾠ
intensifying	 ﾠconcerns	 ﾠover	 ﾠcarbon	 ﾠleakage	 ﾠin	 ﾠtrade-ﾭ‐exposed	 ﾠindustries	 ﾠalready	 ﾠ
covered	 ﾠby	 ﾠthe	 ﾠEU	 ﾠETS.	 ﾠApplying	 ﾠfour	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠfor	 ﾠEuropean	 ﾠ
road	 ﾠtransport	 ﾠand	 ﾠassuming	 ﾠabatement	 ﾠtargets	 ﾠset	 ﾠby	 ﾠEU	 ﾠpolicymakers	 ﾠ(20%	 ﾠ
economy-ﾭ‐wide	 ﾠreduction	 ﾠbelow	 ﾠ2005	 ﾠby	 ﾠ2020)	 ﾠthe	 ﾠEUA	 ﾠprice	 ﾠwould	 ﾠnot	 ﾠincrease.	 ﾠ
This	 ﾠis	 ﾠbecause	 ﾠ(i)	 ﾠthere	 ﾠare	 ﾠcost-ﾭ‐efficient	 ﾠabatement	 ﾠpotentials	 ﾠin	 ﾠthe	 ﾠroad	 ﾠ
transport	 ﾠsector,	 ﾠ(ii)	 ﾠaccess	 ﾠto	 ﾠinternational	 ﾠcarbon	 ﾠcredit	 ﾠmarkets	 ﾠadds	 ﾠabatement	 ﾠ
options,	 ﾠand	 ﾠ(iii)	 ﾠthe	 ﾠ2020	 ﾠtransport	 ﾠsector	 ﾠabatement	 ﾠtarget	 ﾠenvisaged	 ﾠby	 ﾠEU	 ﾠpolicy	 ﾠ
makers	 ﾠ(7%	 ﾠbelow	 ﾠ2005	 ﾠlevels	 ﾠin	 ﾠ2020)	 ﾠis	 ﾠnot	 ﾠvery	 ﾠchallenging.	 ﾠCrucially,	 ﾠcurrent	 ﾠ
fuel	 ﾠefficient	 ﾠstandards	 ﾠalready	 ﾠdeliver	 ﾠa	 ﾠsignificant	 ﾠcontribution	 ﾠto	 ﾠenvisaged	 ﾠ2020	 ﾠ
targets	 ﾠin	 ﾠEU	 ﾠand	 ﾠUS.	 ﾠ	 ﾠ
Efficient	 ﾠclimate	 ﾠpolicy	 ﾠrequires	 ﾠharmonization	 ﾠof	 ﾠmarginal	 ﾠabatement	 ﾠcosts	 ﾠ
across	 ﾠsectors	 ﾠ(even	 ﾠif	 ﾠthey	 ﾠare	 ﾠnot	 ﾠcovered	 ﾠby	 ﾠa	 ﾠsingle	 ﾠpolicy	 ﾠinstrument).	 ﾠ
Therefore,	 ﾠif	 ﾠefficient	 ﾠpolicies	 ﾠare	 ﾠin	 ﾠplace,	 ﾠincluding	 ﾠtransport	 ﾠto	 ﾠan	 ﾠETS	 ﾠ	 ﾠleaves	 ﾠthe	 ﾠ
EUA	 ﾠprice	 ﾠalmost	 ﾠunchanged.	 ﾠVice	 ﾠversa,	 ﾠsubstantial	 ﾠchanges	 ﾠin	 ﾠallowance	 ﾠprices	 ﾠ
from	 ﾠinclusion	 ﾠwould	 ﾠindicate	 ﾠsubstantial	 ﾠefficiency	 ﾠgains.	 ﾠHowever,	 ﾠemission	 ﾠ
trading	 ﾠin	 ﾠCalifornia,	 ﾠEU	 ﾠand	 ﾠin	 ﾠthe	 ﾠUS	 ﾠwould	 ﾠguarantee	 ﾠa	 ﾠbetter	 ﾠcontribution	 ﾠalso	 ﾠ
from	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠby	 ﾠboosting	 ﾠadditional	 ﾠmeasures	 ﾠupstream	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠ
supply	 ﾠchain,	 ﾠaiming	 ﾠat	 ﾠcarbon	 ﾠintensity,	 ﾠand	 ﾠalso	 ﾠby	 ﾠmitigating	 ﾠtransport	 ﾠdemand.	 ﾠ	 ﾠ
The	 ﾠprospect	 ﾠof	 ﾠlinking	 ﾠregional	 ﾠemission	 ﾠtrading	 ﾠsystems	 ﾠas	 ﾠenvisaged	 ﾠby	 ﾠ
the	 ﾠEuropean	 ﾠUnion	 ﾠpromises	 ﾠto	 ﾠreduce	 ﾠcarbon	 ﾠleakage,	 ﾠand	 ﾠincrease	 ﾠ
competitiveness	 ﾠand	 ﾠefficiency	 ﾠof	 ﾠinternational	 ﾠclimate	 ﾠpolicy.	 ﾠChallenges	 ﾠof	 ﾠ
international	 ﾠpolicy	 ﾠcoordination	 ﾠneed	 ﾠto	 ﾠbe	 ﾠresolved	 ﾠand	 ﾠdomestic	 ﾠtrading	 ﾠsystems	 ﾠ
need	 ﾠto	 ﾠbe	 ﾠimplemented	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠplace	 ﾠto	 ﾠmake	 ﾠthis	 ﾠa	 ﾠviable	 ﾠpolicy	 ﾠoption.	 ﾠ	 ﾠ  5	 ﾠ
Altogether,	 ﾠto	 ﾠreign	 ﾠin	 ﾠoverall	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠand	 ﾠto	 ﾠ
address	 ﾠthe	 ﾠshift	 ﾠof	 ﾠresponsibilities	 ﾠupstream	 ﾠof	 ﾠfuel	 ﾠsupply	 ﾠchains,	 ﾠroad	 ﾠtransport	 ﾠ
fuel	 ﾠinclusion	 ﾠto	 ﾠcap-ﾭ‐and-ﾭ‐trade,	 ﾠcomplemented	 ﾠby	 ﾠappropriate	 ﾠregulatory	 ﾠpolicies,	 ﾠ
such	 ﾠas	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠbased	 ﾠfuel	 ﾠefficiency	 ﾠmetrics,	 ﾠis	 ﾠthe	 ﾠmost	 ﾠpromising	 ﾠpolicy	 ﾠ
option	 ﾠfor	 ﾠfuture	 ﾠclimate	 ﾠpolicy	 ﾠregulation	 ﾠof	 ﾠthe	 ﾠEuropean,	 ﾠthe	 ﾠCalifornian,	 ﾠand	 ﾠthe	 ﾠ
US	 ﾠroad	 ﾠtransport	 ﾠsector.	 ﾠ
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Part I: Transport climate policies revisited 
	 ﾠ The	 ﾠfirst	 ﾠpart	 ﾠof	 ﾠthis	 ﾠreport,	 ﾠchapter	 ﾠ1-ﾭ‐4,	 ﾠmotivates	 ﾠtransportation	 ﾠpolicies	 ﾠ
that	 ﾠmitigate	 ﾠclimate	 ﾠchange	 ﾠand	 ﾠreviews	 ﾠthe	 ﾠeffectivess	 ﾠand	 ﾠefficiency	 ﾠof	 ﾠcurrent	 ﾠ
transport	 ﾠpolicies	 ﾠthat	 ﾠaim	 ﾠto	 ﾠregulate	 ﾠrising	 ﾠGHG	 ﾠemission	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠ	 ﾠ
1. Motivation 
	 ﾠ This	 ﾠreport	 ﾠis	 ﾠmotivated	 ﾠby	 ﾠthe	 ﾠneed	 ﾠa)	 ﾠto	 ﾠact	 ﾠon	 ﾠrising	 ﾠgreenhouse	 ﾠgas	 ﾠ
emissions1	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector;	 ﾠb)	 ﾠto	 ﾠevaluate	 ﾠrequirements	 ﾠfor	 ﾠa	 ﾠbroader	 ﾠ
regulative	 ﾠframework	 ﾠas	 ﾠalternative	 ﾠfuel	 ﾠvehicles	 ﾠsuch	 ﾠas	 ﾠbattery	 ﾠelectric	 ﾠvehicles,	 ﾠ
PHEVs,	 ﾠand	 ﾠhydrogen	 ﾠfuel	 ﾠvehicles	 ﾠgain	 ﾠincreasing	 ﾠmarket	 ﾠshares,	 ﾠand	 ﾠhence,	 ﾠby	 ﾠthe	 ﾠ
need	 ﾠto	 ﾠprovide	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠfuels;	 ﾠand	 ﾠc)	 ﾠto	 ﾠdo	 ﾠthis	 ﾠin	 ﾠan	 ﾠeffective,	 ﾠ
cost-ﾭ‐efficient	 ﾠand	 ﾠappropriate	 ﾠmanner	 ﾠsuch	 ﾠthat	 ﾠinstruments	 ﾠcorrespond	 ﾠto	 ﾠproper	 ﾠ
actors	 ﾠand	 ﾠset	 ﾠsuitable	 ﾠincentives.	 ﾠIn	 ﾠthe	 ﾠfollowing	 ﾠparagraphs,	 ﾠthese	 ﾠthree	 ﾠdriving	 ﾠ
forces	 ﾠare	 ﾠelucidated.	 ﾠ	 ﾠ
Summary	 ﾠChapter	 ﾠ1	 ﾠ
•  Rising	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠand	 ﾠthe	 ﾠrisks	 ﾠof	 ﾠclimate	 ﾠchange	 ﾠdemand	 ﾠa	 ﾠ
comprehensive	 ﾠpolicy	 ﾠframework	 ﾠfor	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠin	 ﾠmajor	 ﾠworld	 ﾠ
economies.	 ﾠ
•  Alternative	 ﾠfuels,	 ﾠfrom	 ﾠtar	 ﾠsand	 ﾠoil	 ﾠto	 ﾠelectricity	 ﾠfrom	 ﾠfossile	 ﾠand	 ﾠregenerative	 ﾠ	 ﾠ
sources,	 ﾠand	 ﾠtechnologies,	 ﾠsuch	 ﾠas	 ﾠelectric	 ﾠvehicles,	 ﾠlead	 ﾠto	 ﾠa	 ﾠdiversification	 ﾠof	 ﾠ
fuel	 ﾠsupply	 ﾠchains.	 ﾠThis	 ﾠleads	 ﾠto	 ﾠseparate	 ﾠresponsibilities	 ﾠin	 ﾠterms	 ﾠof	 ﾠprocess-ﾭ‐
specific	 ﾠGHG	 ﾠemissions	 ﾠwhich	 ﾠare	 ﾠcurrently	 ﾠinappropriately	 ﾠaddressed.	 ﾠ	 ﾠ
•  Existing	 ﾠand	 ﾠenvisaged	 ﾠpolicy	 ﾠinstruments	 ﾠare	 ﾠevaluated	 ﾠaccording	 ﾠto	 ﾠbeing	 ﾠ
environmentally	 ﾠeffective,	 ﾠeconomically	 ﾠefficient,	 ﾠdistributionally	 ﾠfair,	 ﾠand	 ﾠ
politically	 ﾠfeasible.	 ﾠ
	 ﾠ
1.1.  Rising	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠ
	 ﾠ The	 ﾠtransport	 ﾠsectors	 ﾠaccounts	 ﾠfor	 ﾠmore	 ﾠthan	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠoil	 ﾠused	 ﾠworldwide	 ﾠ
and	 ﾠroughly	 ﾠa	 ﾠquarter	 ﾠof	 ﾠenergy-ﾭ‐related	 ﾠCO2	 ﾠemissions	 ﾠ(IEA	 ﾠ2008).	 ﾠIf	 ﾠemissions	 ﾠfrom	 ﾠ
feedstock	 ﾠand	 ﾠfuel	 ﾠproduction	 ﾠare	 ﾠincluded,	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠ(including	 ﾠ
individual,	 ﾠpassenger	 ﾠand	 ﾠgood	 ﾠtransport)	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠclose	 ﾠto	 ﾠ27%	 ﾠof	 ﾠglobal	 ﾠ
GHG	 ﾠemissions.	 ﾠGlobally,	 ﾠthe	 ﾠsector’s	 ﾠgrowth	 ﾠrate	 ﾠof	 ﾠenergy	 ﾠconsumption	 ﾠduring	 ﾠ
1990-ﾭ‐2002	 ﾠwas	 ﾠhighest	 ﾠamong	 ﾠall	 ﾠthe	 ﾠend-ﾭ‐use	 ﾠsectors.	 ﾠIn	 ﾠthe	 ﾠUSA,	 ﾠfor	 ﾠinstance,	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
1	 ﾠWhere	 ﾠnot	 ﾠotherwise	 ﾠindicated,	 ﾠwe	 ﾠuse	 ﾠthe	 ﾠterms	 ﾠ‘greenhouse	 ﾠgas	 ﾠ(GHG)’	 ﾠand	 ﾠ‘carbon’	 ﾠ
interchangeably	 ﾠthroughout	 ﾠthis	 ﾠreport.	 ﾠEven	 ﾠthough	 ﾠthis	 ﾠis	 ﾠnot	 ﾠentirely	 ﾠprecise–carbon	 ﾠ(or	 ﾠCO2)	 ﾠ
emissions	 ﾠare	 ﾠgenerated	 ﾠin	 ﾠthe	 ﾠcombustion	 ﾠof	 ﾠhydrocarbon	 ﾠfuels	 ﾠ(coal,	 ﾠoil,	 ﾠgas),	 ﾠand	 ﾠare	 ﾠonly	 ﾠone	 ﾠGHG	 ﾠ
next	 ﾠto	 ﾠgasses	 ﾠsuch	 ﾠas	 ﾠCH4,	 ﾠN2O,	 ﾠHFcs	 ﾠand	 ﾠPFCs–we	 ﾠadopt	 ﾠthis	 ﾠmore	 ﾠcasual	 ﾠuse	 ﾠfor	 ﾠconvenience.	 ﾠ	 ﾠ  10	 ﾠ
between	 ﾠ1990	 ﾠand	 ﾠ2006,	 ﾠgrowth	 ﾠin	 ﾠtransport	 ﾠemissions	 ﾠrepresented	 ﾠalmost	 ﾠhalf	 ﾠof	 ﾠ
the	 ﾠincrease	 ﾠin	 ﾠtotal	 ﾠUS	 ﾠGHGs	 ﾠemissions	 ﾠ(EPA	 ﾠ2009).	 ﾠ
	 ﾠ To	 ﾠprevent	 ﾠdangerous	 ﾠclimate	 ﾠchange,	 ﾠglobal	 ﾠemissions	 ﾠin	 ﾠ2050	 ﾠwill	 ﾠneed	 ﾠto	 ﾠ
be	 ﾠat	 ﾠleast	 ﾠhalved	 ﾠfrom	 ﾠ2005	 ﾠlevels.	 ﾠTransport	 ﾠis	 ﾠsupposed	 ﾠto	 ﾠplay	 ﾠa	 ﾠvital	 ﾠrole	 ﾠin	 ﾠ
abatement	 ﾠefforts.	 ﾠYet	 ﾠworld	 ﾠtransport	 ﾠenergy	 ﾠuse	 ﾠand	 ﾠemissions	 ﾠare	 ﾠprojected	 ﾠto	 ﾠ
increase	 ﾠby	 ﾠmore	 ﾠthan	 ﾠ50%	 ﾠby	 ﾠ2030	 ﾠand	 ﾠwill	 ﾠmore	 ﾠthan	 ﾠdouble	 ﾠby	 ﾠ2050	 ﾠin	 ﾠa	 ﾠ
business-ﾭ‐as-ﾭ‐usual	 ﾠscenario.	 ﾠAround	 ﾠ75%	 ﾠof	 ﾠthe	 ﾠprojected	 ﾠtotal	 ﾠincrease	 ﾠin	 ﾠworld	 ﾠoil	 ﾠ
demand	 ﾠderives	 ﾠfrom	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠ(Figure	 ﾠ1).	 ﾠIn	 ﾠOECD	 ﾠcountries,	 ﾠoil	 ﾠuse	 ﾠ
shrinks	 ﾠin	 ﾠall	 ﾠsectors	 ﾠexcept	 ﾠtransport.	 ﾠVirtually	 ﾠall	 ﾠ(>95%)	 ﾠof	 ﾠtransport	 ﾠenergy	 ﾠ
comes	 ﾠfrom	 ﾠoil-ﾭ‐based	 ﾠfuels,	 ﾠpredominantly	 ﾠdiesel	 ﾠand	 ﾠgasoline.	 ﾠWhile	 ﾠoil	 ﾠextraction	 ﾠ
is	 ﾠexpected	 ﾠto	 ﾠpeak	 ﾠand	 ﾠbegin	 ﾠto	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠnear	 ﾠfuture,	 ﾠthe	 ﾠshortfall	 ﾠis	 ﾠlikely	 ﾠto	 ﾠ
be	 ﾠcompensated	 ﾠwith	 ﾠnon-ﾭ‐conventional	 ﾠoil	 ﾠ(such	 ﾠas	 ﾠtar	 ﾠsands)	 ﾠand	 ﾠother	 ﾠfossil	 ﾠ
resources	 ﾠsuch	 ﾠas	 ﾠgas-ﾭ‐to-ﾭ‐liquids	 ﾠand	 ﾠcoal-ﾭ‐to-ﾭ‐liquids.	 ﾠOn	 ﾠaverage,	 ﾠthese	 ﾠfuels	 ﾠare	 ﾠ
more	 ﾠcarbon	 ﾠintensive	 ﾠthan	 ﾠoil,	 ﾠfurther	 ﾠaugmenting	 ﾠthe	 ﾠsector’s	 ﾠcontribution	 ﾠto	 ﾠ
global	 ﾠwarming.	 ﾠWhile	 ﾠinternational	 ﾠshipping	 ﾠand	 ﾠaviation	 ﾠcontribute	 ﾠsignificantly	 ﾠ
to	 ﾠthe	 ﾠprojected	 ﾠrise	 ﾠin	 ﾠemissions,	 ﾠthe	 ﾠhighest	 ﾠshare	 ﾠwill	 ﾠstill	 ﾠcome	 ﾠfrom	 ﾠroad	 ﾠ
transport,	 ﾠi.e.	 ﾠindividual	 ﾠtransportation	 ﾠand	 ﾠtransportation	 ﾠof	 ﾠgoods	 ﾠ(Figure	 ﾠ1).	 ﾠ
Shifting	 ﾠtowards	 ﾠa	 ﾠsustainable,	 ﾠlow-ﾭ‐carbon	 ﾠtransport	 ﾠsystem	 ﾠis,	 ﾠhence,	 ﾠimperative	 ﾠ
for	 ﾠsuccessful	 ﾠclimate	 ﾠstabilization,	 ﾠand	 ﾠalso	 ﾠto	 ﾠfor	 ﾠdealing	 ﾠwith	 ﾠever	 ﾠmore	 ﾠ
problematic	 ﾠcongestion	 ﾠchallenges	 ﾠin	 ﾠa	 ﾠrapidly	 ﾠurbanizing	 ﾠworld.	 ﾠ	 ﾠ
	 ﾠ Historically,	 ﾠfuel	 ﾠuse	 ﾠand	 ﾠemissions	 ﾠwere	 ﾠmostly	 ﾠbound	 ﾠto	 ﾠOECD	 ﾠcountries.	 ﾠ
North	 ﾠAmerica	 ﾠalone	 ﾠaccounts	 ﾠfor	 ﾠ33%	 ﾠof	 ﾠglobal	 ﾠtransport	 ﾠCO2	 ﾠemissions	 ﾠwhile	 ﾠ
China	 ﾠcontributes	 ﾠ6%.	 ﾠWith	 ﾠtheir	 ﾠeconomic	 ﾠrise,	 ﾠfuture	 ﾠgrowth	 ﾠof	 ﾠfuel	 ﾠdemand	 ﾠand	 ﾠ
emissions	 ﾠwill	 ﾠbe	 ﾠdriven	 ﾠprimarily	 ﾠby	 ﾠthe	 ﾠdeveloping	 ﾠworld,	 ﾠmost	 ﾠnotably	 ﾠChina	 ﾠand	 ﾠ
India	 ﾠ(Creutzig	 ﾠand	 ﾠEdenhofer	 ﾠ2010;	 ﾠIEA	 ﾠ2009a).	 ﾠThe	 ﾠmain	 ﾠdriver	 ﾠof	 ﾠthis	 ﾠ
development	 ﾠis	 ﾠincreased	 ﾠcar	 ﾠownership	 ﾠand	 ﾠuse	 ﾠof	 ﾠincreasingly	 ﾠaffluent	 ﾠurban	 ﾠ
populations.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠvehicle	 ﾠstock,	 ﾠexcluding	 ﾠtwo-ﾭ‐	 ﾠand	 ﾠthree-ﾭ‐wheelers,	 ﾠis	 ﾠ
projected	 ﾠto	 ﾠtriple	 ﾠbetween	 ﾠnow	 ﾠand	 ﾠ2030	 ﾠin	 ﾠnon-ﾭ‐OECD	 ﾠcountries.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠsome	 ﾠ
developing	 ﾠcountries	 ﾠwill	 ﾠobserve	 ﾠexponential	 ﾠgrowth	 ﾠin	 ﾠtransport	 ﾠfuel	 ﾠconsumption	 ﾠ
(Figure	 ﾠ2).	 ﾠHence,	 ﾠOECD	 ﾠcountries	 ﾠcannot	 ﾠmanage	 ﾠglobal	 ﾠtransport	 ﾠemissions	 ﾠby	 ﾠ
geographically	 ﾠrestricted	 ﾠpolicy	 ﾠinstruments	 ﾠalone.	 ﾠHowever,	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠ
robust	 ﾠand	 ﾠappropriate	 ﾠpolicy	 ﾠinstruments	 ﾠmust	 ﾠnonetheless	 ﾠbe	 ﾠpioneered	 ﾠby	 ﾠthese	 ﾠ
world	 ﾠregions	 ﾠbecause	 ﾠof	 ﾠcurrent	 ﾠemissions,	 ﾠhistorical	 ﾠresponsibility,	 ﾠand	 ﾠ
institutional	 ﾠfeasibility.	 ﾠThis	 ﾠstudy	 ﾠfocuses	 ﾠon	 ﾠthe	 ﾠEuropean	 ﾠUnion	 ﾠand	 ﾠthe	 ﾠUnited	 ﾠ
States.	 ﾠSuccessful	 ﾠimplementation	 ﾠof	 ﾠpolicy	 ﾠinstruments	 ﾠin	 ﾠthese	 ﾠworld	 ﾠregions	 ﾠ
foregoes	 ﾠfuture	 ﾠaction	 ﾠby	 ﾠdeveloping	 ﾠnations	 ﾠthat	 ﾠare	 ﾠeither	 ﾠencouraged	 ﾠto	 ﾠadopt	 ﾠ
successful	 ﾠinstruments	 ﾠor	 ﾠfind	 ﾠother	 ﾠtools	 ﾠto	 ﾠreign	 ﾠin	 ﾠtransport	 ﾠemissions.	 ﾠIn	 ﾠfact,	 ﾠ
local	 ﾠenvironmental	 ﾠdisbenefits	 ﾠsuch	 ﾠas	 ﾠair	 ﾠpollution	 ﾠand	 ﾠhuge	 ﾠinefficiences	 ﾠin	 ﾠurban	 ﾠ
transportation	 ﾠsystems	 ﾠalready	 ﾠmotivate	 ﾠaction	 ﾠin	 ﾠmany	 ﾠnon-ﾭ‐OECD	 ﾠcountries.	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Figure 1: Change in transport sector CO2 emissions by mode and region in a business-as-
usual scenario, 2006-2030, including passenger and good transport (IEA 2008). 
	 ﾠ
 
Figure 2: Projected fuel use for road transport by region (IEA 2009a). 
	 ﾠ
1.2.  A	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠfor	 ﾠall	 ﾠtransport	 ﾠfuels	 ﾠ
	 ﾠ Alternative	 ﾠvehicles	 ﾠare	 ﾠexpected	 ﾠto	 ﾠgain	 ﾠmarket	 ﾠshares	 ﾠin	 ﾠinternational	 ﾠ
autmobile	 ﾠmarkets.	 ﾠScenarios	 ﾠproject	 ﾠglobal	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠelectric	 ﾠvehicles	 ﾠup	 ﾠto	 ﾠ
12%	 ﾠin	 ﾠ2020	 ﾠ(BCG	 ﾠ2009),	 ﾠand	 ﾠsignificantly	 ﾠhigher	 ﾠmarket	 ﾠshares	 ﾠin	 ﾠ2030	 ﾠand	 ﾠ2050	 ﾠ
(e.g.,	 ﾠMock	 ﾠet	 ﾠal.	 ﾠ2009;	 ﾠfor	 ﾠdetails	 ﾠsee	 ﾠAnnex	 ﾠA).	 ﾠIrrespective	 ﾠof	 ﾠthe	 ﾠdetailed	 ﾠ
trajectory	 ﾠof	 ﾠtheir	 ﾠfuture	 ﾠmarket	 ﾠgains,	 ﾠalternative	 ﾠvehicles	 ﾠwill	 ﾠimply	 ﾠa	 ﾠlong-ﾭ‐term	 ﾠ
shift	 ﾠin	 ﾠthe	 ﾠenergy	 ﾠsupply	 ﾠunderlying	 ﾠvehicle	 ﾠpropulsion.	 ﾠHowever,	 ﾠwith	 ﾠthe	 ﾠ
diversification	 ﾠof	 ﾠpropulsion	 ﾠtechnologies,	 ﾠsupply	 ﾠchains	 ﾠbecome	 ﾠmore	 ﾠimportant.	 ﾠ	 ﾠ	 ﾠ
Whereas	 ﾠconventional	 ﾠfossil	 ﾠfuels,	 ﾠgasoline	 ﾠand	 ﾠdiesel,	 ﾠpowered	 ﾠnearly	 ﾠall	 ﾠof	 ﾠroad	 ﾠ
transport	 ﾠover	 ﾠthe	 ﾠlast	 ﾠcentury	 ﾠand	 ﾠstill	 ﾠcompletely	 ﾠdominate	 ﾠthe	 ﾠfuel	 ﾠmarket,	 ﾠit	 ﾠ
becomes	 ﾠclear	 ﾠthat	 ﾠelectricity	 ﾠand	 ﾠpotentially	 ﾠhydrogen,	 ﾠbut	 ﾠalso	 ﾠnon-ﾭ‐conventional	 ﾠ  12	 ﾠ
fossil	 ﾠfuels,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠCanadian	 ﾠtar	 ﾠsands,	 ﾠwill	 ﾠprovide	 ﾠa	 ﾠsmall	 ﾠbut	 ﾠsignificant	 ﾠpart	 ﾠ
of	 ﾠenergy	 ﾠfor	 ﾠvehicles	 ﾠwithin	 ﾠthe	 ﾠnext	 ﾠdecade.	 ﾠAs	 ﾠthe	 ﾠcarbon	 ﾠfootprint	 ﾠof	 ﾠfuels	 ﾠ
diversifies,	 ﾠcar	 ﾠmanufacturers	 ﾠlose	 ﾠcontrol	 ﾠover	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠof	 ﾠtheir	 ﾠproduct.	 ﾠ	 ﾠ
In	 ﾠcontrast,	 ﾠenergy	 ﾠcompanies	 ﾠand	 ﾠfuel	 ﾠproducers	 ﾠcan	 ﾠeffectively	 ﾠinfluence	 ﾠthe	 ﾠfuels’	 ﾠ
carbon	 ﾠfootprint	 ﾠand	 ﾠcan	 ﾠbe	 ﾠregulated	 ﾠby	 ﾠnational	 ﾠand	 ﾠinternational	 ﾠenergy	 ﾠpolicies.	 ﾠ
From	 ﾠa	 ﾠclimate	 ﾠperspective,	 ﾠonly	 ﾠthe	 ﾠglobal	 ﾠwarming	 ﾠeffect	 ﾠof	 ﾠthese	 ﾠfuels	 ﾠmatters.	 ﾠ
This	 ﾠleads	 ﾠto	 ﾠseparate	 ﾠresponsibilities	 ﾠin	 ﾠterms	 ﾠof	 ﾠprocess-ﾭ‐specific	 ﾠGHG	 ﾠemissions	 ﾠ
which	 ﾠare	 ﾠnot	 ﾠproperly	 ﾠaddressed.	 ﾠHence,	 ﾠthe	 ﾠcurrent	 ﾠset	 ﾠof	 ﾠenvironmental	 ﾠpolicies	 ﾠ
in	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠmust	 ﾠbe	 ﾠadapted	 ﾠto	 ﾠthis	 ﾠdiversification	 ﾠof	 ﾠfuel	 ﾠsupply	 ﾠchains.	 ﾠ	 ﾠ
In	 ﾠthe	 ﾠcurrent	 ﾠpolicy	 ﾠframework,	 ﾠsometimes	 ﾠthe	 ﾠmore	 ﾠenvironmentally	 ﾠfuels	 ﾠare	 ﾠ
more	 ﾠtightly	 ﾠregulated	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠthan	 ﾠthe	 ﾠmore	 ﾠ
harmful	 ﾠfuel:	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠthe	 ﾠEuropean	 ﾠETS,	 ﾠelectricity,	 ﾠpowering	 ﾠtrains,	 ﾠis	 ﾠpart	 ﾠ
of	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠscheme	 ﾠwhereas	 ﾠconventional	 ﾠfuels	 ﾠare	 ﾠinsufficiently	 ﾠcovered	 ﾠby	 ﾠ	 ﾠ
climate	 ﾠpolicies,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠFuel	 ﾠQuality	 ﾠDirective.	 ﾠThis	 ﾠstudy	 ﾠanalyses	 ﾠcurrent	 ﾠ
transport	 ﾠclimate	 ﾠpolicies	 ﾠwith	 ﾠrespective	 ﾠto	 ﾠtheir	 ﾠeffectiveness	 ﾠin	 ﾠclimate	 ﾠmitigation	 ﾠ
and	 ﾠtheir	 ﾠeconomic	 ﾠefficiency,	 ﾠand	 ﾠprovides	 ﾠrecommendation	 ﾠon	 ﾠhow	 ﾠto	 ﾠadapt	 ﾠand	 ﾠ
complement	 ﾠregulation.	 ﾠSpecifically,	 ﾠthis	 ﾠstudy	 ﾠtries	 ﾠto	 ﾠclarify	 ﾠhow	 ﾠpolicy	 ﾠ
instruments	 ﾠcan	 ﾠprovide	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠfor	 ﾠall	 ﾠfuels.	 ﾠThe	 ﾠaim	 ﾠis	 ﾠto	 ﾠfind	 ﾠ
appropriate	 ﾠinstruments	 ﾠsuch	 ﾠthat	 ﾠalternative	 ﾠfuels	 ﾠare	 ﾠguaranteed	 ﾠto	 ﾠreduce	 ﾠoverall	 ﾠ
GHG	 ﾠemissions,	 ﾠor	 ﾠat	 ﾠleast	 ﾠdo	 ﾠnot	 ﾠraise	 ﾠthem.	 ﾠAfter	 ﾠevaluating	 ﾠexisting	 ﾠinstruments	 ﾠ
in	 ﾠchapter	 ﾠ3	 ﾠand	 ﾠ4,	 ﾠthe	 ﾠfocus	 ﾠwill	 ﾠbe	 ﾠon	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠinto	 ﾠ
emission	 ﾠtrading	 ﾠschemes	 ﾠin	 ﾠchapter	 ﾠ5	 ﾠand	 ﾠ6.	 ﾠWe	 ﾠwill	 ﾠargue	 ﾠthat	 ﾠupstream	 ﾠemission	 ﾠ
trading	 ﾠcan	 ﾠeffectively	 ﾠand	 ﾠefficiently	 ﾠaddress	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠand	 ﾠis	 ﾠ
optimally	 ﾠregulated	 ﾠupstream	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠfuel	 ﾠproducers.	 ﾠThe	 ﾠcombination	 ﾠof	 ﾠ
instruments,	 ﾠas	 ﾠdiscussed	 ﾠin	 ﾠthis	 ﾠreport,	 ﾠis	 ﾠsummarized	 ﾠin	 ﾠFigure	 ﾠ3.	 ﾠ
	 ﾠ
Figure 3: Overview on policy instruments as discussed in this report. This overview is used 
as orientation in subsequent chapters. 
	 ﾠ
1.3.  Three	 ﾠrequirements	 ﾠfor	 ﾠpolicy	 ﾠinstruments	 ﾠ
The	 ﾠrise	 ﾠof	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠdemonstrates	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠadequate	 ﾠ
regulation	 ﾠand	 ﾠpolicy	 ﾠinstruments	 ﾠthat	 ﾠmitigate	 ﾠdangerous	 ﾠglobal	 ﾠwarming.	 ﾠPolicy	 ﾠ
instruments	 ﾠfor	 ﾠclimate	 ﾠchange	 ﾠmitigation	 ﾠrequire	 ﾠglobal	 ﾠscope,	 ﾠfulfill	 ﾠquality	 ﾠ
criteria,	 ﾠand	 ﾠaddress	 ﾠagents	 ﾠwith	 ﾠappropriate	 ﾠincentives.	 ﾠ	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First,	 ﾠin	 ﾠthe	 ﾠmedium	 ﾠrun,	 ﾠglobal	 ﾠcoverage	 ﾠof	 ﾠall	 ﾠsectors	 ﾠby	 ﾠa	 ﾠmix	 ﾠof	 ﾠ
instruments	 ﾠis	 ﾠneeded	 ﾠto	 ﾠavoid	 ﾠa	 ﾠplethora	 ﾠof	 ﾠindirect	 ﾠemission	 ﾠeffects	 ﾠand	 ﾠto	 ﾠ
appropriately	 ﾠdeal	 ﾠwith	 ﾠthe	 ﾠatmosphere	 ﾠ–	 ﾠa	 ﾠglobal	 ﾠcommon	 ﾠgood.	 ﾠThis	 ﾠstudy	 ﾠfocuses	 ﾠ
on	 ﾠthe	 ﾠrole	 ﾠof	 ﾠroad	 ﾠtransport,	 ﾠand	 ﾠhow	 ﾠit	 ﾠcan	 ﾠbe	 ﾠembedded	 ﾠinto	 ﾠan	 ﾠencompassing	 ﾠ
emission	 ﾠpolicy	 ﾠframework;	 ﾠthis	 ﾠstudy	 ﾠalso	 ﾠlooks	 ﾠprimarily	 ﾠat	 ﾠthe	 ﾠEuropean	 ﾠUnion,	 ﾠ
the	 ﾠUS	 ﾠand	 ﾠCalifornia	 ﾠ–	 ﾠother	 ﾠworld	 ﾠregions	 ﾠmay	 ﾠfollow	 ﾠsuit	 ﾠwithin	 ﾠthe	 ﾠnext	 ﾠdecade.	 ﾠ	 ﾠ
Second,	 ﾠgood	 ﾠregulation	 ﾠis	 ﾠa)	 ﾠenvironmentally	 ﾠeffective,	 ﾠb)	 ﾠeconomically	 ﾠ
efficient,	 ﾠc)	 ﾠpolitically	 ﾠfeasible,	 ﾠand	 ﾠd)	 ﾠhas	 ﾠa	 ﾠdistributional	 ﾠfair	 ﾠoutcome.	 ﾠ
Environmentally	 ﾠeffective	 ﾠrequires	 ﾠthat	 ﾠoverall	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠare	 ﾠ
reduced	 ﾠby	 ﾠ>50%	 ﾠglobally	 ﾠand	 ﾠ>80%	 ﾠin	 ﾠOECD	 ﾠcountries	 ﾠby	 ﾠ2050	 ﾠwith	 ﾠfront-ﾭ‐up	 ﾠ
emission	 ﾠreductions	 ﾠbeing	 ﾠmore	 ﾠeffective	 ﾠthan	 ﾠlate	 ﾠemission	 ﾠreductions.	 ﾠ
Economically	 ﾠefficient	 ﾠentails	 ﾠthat	 ﾠthe	 ﾠeconomic	 ﾠcosts	 ﾠof	 ﾠmeasures	 ﾠare	 ﾠminimal.	 ﾠ
Efficiency	 ﾠcan	 ﾠbe	 ﾠobtained	 ﾠby	 ﾠflexible	 ﾠmechanisms	 ﾠthat	 ﾠguide	 ﾠinvestments	 ﾠinto	 ﾠthe	 ﾠ
most	 ﾠefficient	 ﾠmitigation	 ﾠoptions.	 ﾠIn	 ﾠsome	 ﾠcases	 ﾠmeasures	 ﾠintroduced	 ﾠin	 ﾠthe	 ﾠname	 ﾠof	 ﾠ
economic	 ﾠefficiency	 ﾠcan	 ﾠcompromise	 ﾠenvironmental	 ﾠeffectiveness,	 ﾠe.g.	 ﾠwhen	 ﾠthe	 ﾠ
additionality	 ﾠrequirement	 ﾠof	 ﾠthe	 ﾠClean	 ﾠDevelopment	 ﾠMechanism	 ﾠis	 ﾠweakened.	 ﾠ
Economic	 ﾠefficiency	 ﾠalso	 ﾠdemands	 ﾠminimal	 ﾠtransaction	 ﾠcosts,	 ﾠsuch	 ﾠas	 ﾠadministrative	 ﾠ
requirements,	 ﾠaccounting	 ﾠprocedures	 ﾠand	 ﾠenforcement	 ﾠmechanisms.	 ﾠPolitical	 ﾠ
feasibility	 ﾠis	 ﾠa	 ﾠcriterion	 ﾠthat	 ﾠincludes	 ﾠpolitical	 ﾠboundary	 ﾠconditions,	 ﾠe.g.	 ﾠthe	 ﾠ
negotiation	 ﾠpower	 ﾠof	 ﾠpolitical	 ﾠparties,	 ﾠinterest	 ﾠgroups	 ﾠand	 ﾠadministrative	 ﾠunits.	 ﾠ
Politically	 ﾠfeasibility	 ﾠcan	 ﾠreduce	 ﾠenvironmentally	 ﾠeffectiveness	 ﾠsubstantially.	 ﾠThis	 ﾠis	 ﾠ
because	 ﾠthe	 ﾠmost	 ﾠeffective	 ﾠmeasures	 ﾠrequire	 ﾠstructural	 ﾠchange	 ﾠin	 ﾠthe	 ﾠeconomy,	 ﾠ
redistributing	 ﾠmarket	 ﾠshare	 ﾠeven	 ﾠacross	 ﾠsectors.	 ﾠFinally,	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠpolicy	 ﾠ
instruments	 ﾠshould	 ﾠhave	 ﾠa	 ﾠdistributional	 ﾠjust	 ﾠoutcome.	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠ
implementation	 ﾠperiod	 ﾠof	 ﾠthe	 ﾠEuropean	 ﾠemission	 ﾠtrading	 ﾠscheme,	 ﾠcertificates	 ﾠwere	 ﾠ
distributed	 ﾠby	 ﾠgrandfathering,	 ﾠa	 ﾠmechanism	 ﾠthat	 ﾠpartially	 ﾠputs	 ﾠprofits	 ﾠinto	 ﾠthe	 ﾠ
pockets	 ﾠof	 ﾠemitters.	 ﾠA	 ﾠfair	 ﾠinstrument	 ﾠavoids	 ﾠsuch	 ﾠoutcomes.	 ﾠGood	 ﾠpolicy	 ﾠ
instruments	 ﾠare	 ﾠalso	 ﾠnot	 ﾠmore	 ﾠcomplicated	 ﾠthan	 ﾠnecessary.	 ﾠIn	 ﾠparticular,	 ﾠsimplicity	 ﾠ
of	 ﾠsome	 ﾠdegree	 ﾠcan	 ﾠincrease	 ﾠenvironmental	 ﾠeffectiveness	 ﾠby	 ﾠreducing	 ﾠloopholes;	 ﾠcan	 ﾠ
increase	 ﾠpolitical	 ﾠfeasibility	 ﾠas	 ﾠit	 ﾠincreases	 ﾠcomprehensibility	 ﾠamong	 ﾠcitizen-ﾭ‐voters;	 ﾠ
and	 ﾠincreases	 ﾠthe	 ﾠchance	 ﾠof	 ﾠa	 ﾠfair	 ﾠoutcome.	 ﾠ	 ﾠ
Third,	 ﾠpolicy	 ﾠinstruments	 ﾠmust	 ﾠappropriately	 ﾠmatch	 ﾠactors	 ﾠand	 ﾠincentives.	 ﾠIn	 ﾠ
particular,	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠa	 ﾠnumber	 ﾠof	 ﾠactors	 ﾠcontrol	 ﾠdifferent	 ﾠaspects	 ﾠof	 ﾠ
fuel	 ﾠuse	 ﾠand,	 ﾠhence,	 ﾠgreenhouse	 ﾠgas	 ﾠemissions.	 ﾠOil	 ﾠcompanies	 ﾠprovide	 ﾠfuel,	 ﾠcar	 ﾠ
manufacturers	 ﾠinfluence	 ﾠemissions	 ﾠby	 ﾠvehicle	 ﾠefficiency,	 ﾠand	 ﾠconsumers	 ﾠdrive	 ﾠcars	 ﾠ
and	 ﾠother	 ﾠmodes	 ﾠof	 ﾠtransport	 ﾠ–	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠend	 ﾠusers	 ﾠemitting	 ﾠGHGs.	 ﾠ
Instruments	 ﾠmust	 ﾠbe	 ﾠdifferentiated	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠrange	 ﾠof	 ﾠoptions	 ﾠand	 ﾠ
responsibilities	 ﾠof	 ﾠagents.	 ﾠ	 ﾠ
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2. Levels of regulations: actor perspective 
Which	 ﾠactors	 ﾠare	 ﾠresponsible	 ﾠfor	 ﾠand	 ﾠcan	 ﾠinfluence	 ﾠGHG	 ﾠemissions,	 ﾠand	 ﾠwith	 ﾠ
what	 ﾠkind	 ﾠof	 ﾠaction?	 ﾠThis	 ﾠchapter	 ﾠtries	 ﾠto	 ﾠclarify	 ﾠthis	 ﾠimportant	 ﾠquestion,	 ﾠand	 ﾠby	 ﾠthis,	 ﾠ
establishes	 ﾠthe	 ﾠbasis	 ﾠfor	 ﾠthe	 ﾠanalysis	 ﾠof	 ﾠpolicy	 ﾠinstruments.	 ﾠIt	 ﾠis	 ﾠinstructive	 ﾠto	 ﾠ
understand	 ﾠthe	 ﾠdifferent	 ﾠtechnical	 ﾠfactors	 ﾠunderlying	 ﾠGHG	 ﾠemissions.	 ﾠTotal	 ﾠ
emissions	 ﾠcan	 ﾠbe	 ﾠfactorized	 ﾠinto	 ﾠthree	 ﾠcomponents.	 ﾠFirst,	 ﾠcarbon	 ﾠcontent	 ﾠdescribes	 ﾠ
the	 ﾠGHG	 ﾠemissions	 ﾠof	 ﾠone	 ﾠfuel	 ﾠenergy	 ﾠunit	 ﾠin	 ﾠCO2e/MJ.	 ﾠSecond,	 ﾠenergy	 ﾠintensity	 ﾠis	 ﾠ
the	 ﾠenergy	 ﾠrequired	 ﾠper	 ﾠkilometer	 ﾠtraveled.	 ﾠThird,	 ﾠtotal	 ﾠtravel	 ﾠdemand	 ﾠdetermines	 ﾠ
the	 ﾠtotal	 ﾠdistance.	 ﾠThe	 ﾠrelationship	 ﾠis	 ﾠdepicted	 ﾠin	 ﾠFigure	 ﾠ6	 ﾠ(see	 ﾠalso	 ﾠCreutzig	 ﾠand	 ﾠ
Edenhofer	 ﾠ2010).	 ﾠEach	 ﾠfactor	 ﾠcorresponds	 ﾠto	 ﾠspecific	 ﾠpolicy	 ﾠinstruments	 ﾠor	 ﾠactions	 ﾠ
(Figure	 ﾠ6).	 ﾠThis	 ﾠis	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠKaya	 ﾠidentity	 ﾠ(e.g.	 ﾠNakicenovic	 ﾠet	 ﾠal.	 ﾠ2000)	 ﾠbut	 ﾠis	 ﾠ
here	 ﾠspecified	 ﾠfor	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠpolicy	 ﾠinstruments	 ﾠ
corresponding	 ﾠto	 ﾠa	 ﾠspecific	 ﾠfactor,	 ﾠthere	 ﾠare	 ﾠalso	 ﾠpolicy	 ﾠinstruments	 ﾠtargeting	 ﾠtotal	 ﾠ
emissions,	 ﾠin	 ﾠparticular	 ﾠprice	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠor	 ﾠcap-ﾭ‐and-ﾭ‐trade.	 ﾠIn	 ﾠ
the	 ﾠfollowing,	 ﾠdifferent	 ﾠactors	 ﾠin	 ﾠroad	 ﾠtransportation	 ﾠ–	 ﾠand	 ﾠhow	 ﾠeach	 ﾠrelates	 ﾠto	 ﾠthis	 ﾠ
emission	 ﾠdecomposition	 ﾠ–	 ﾠare	 ﾠdiscussed.	 ﾠIn	 ﾠthis	 ﾠpart	 ﾠand	 ﾠthe	 ﾠnext	 ﾠchapter,	 ﾠonly	 ﾠ
those	 ﾠpolicy	 ﾠinstruments	 ﾠare	 ﾠanalyzed	 ﾠthat	 ﾠdirectly	 ﾠrelate	 ﾠto	 ﾠindividual	 ﾠmotorized	 ﾠ
road	 ﾠtransport.	 ﾠSome	 ﾠother	 ﾠinstruments,	 ﾠsuch	 ﾠas	 ﾠmodal	 ﾠshift	 ﾠand	 ﾠland	 ﾠuse	 ﾠpolicy	 ﾠare	 ﾠ
of	 ﾠcrucial	 ﾠimportance	 ﾠbut	 ﾠare	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠstudy.	 ﾠHowever,	 ﾠit	 ﾠwill	 ﾠbe	 ﾠ
highlighted	 ﾠhow	 ﾠthose	 ﾠinstruments	 ﾠcomplement	 ﾠother	 ﾠinstruments	 ﾠand	 ﾠcontribute	 ﾠ
to	 ﾠdynamic	 ﾠefficiency.	 ﾠThree	 ﾠactors	 ﾠare	 ﾠdiscussed	 ﾠfrom	 ﾠhere	 ﾠon:	 ﾠfuel	 ﾠproducers,	 ﾠcar	 ﾠ
manufacturers,	 ﾠand	 ﾠconsumers.	 ﾠFirst,	 ﾠhowever,	 ﾠa	 ﾠshort	 ﾠoverview	 ﾠon	 ﾠfuel	 ﾠlife-ﾭ‐cycle	 ﾠ
analysis	 ﾠis	 ﾠgiven	 ﾠso	 ﾠthat	 ﾠthe	 ﾠrespective	 ﾠrole	 ﾠof	 ﾠall	 ﾠactors	 ﾠcan	 ﾠbe	 ﾠappropriately	 ﾠ
evaluated.	 ﾠ
Summary	 ﾠChapter	 ﾠ2	 ﾠ
•  Fuel	 ﾠpathways	 ﾠcan	 ﾠbe	 ﾠevaluated	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠglobal	 ﾠwarming	 ﾠpotential	 ﾠof	 ﾠ
its	 ﾠprimary	 ﾠenergy	 ﾠsource	 ﾠand	 ﾠthe	 ﾠefficiency	 ﾠloss	 ﾠacross	 ﾠsubsequent	 ﾠstages.	 ﾠ
•  Fuel	 ﾠproducers	 ﾠcan	 ﾠinfluence	 ﾠthe	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠfuels,	 ﾠcar	 ﾠmanufacturers	 ﾠ
the	 ﾠfuel	 ﾠefficiency	 ﾠof	 ﾠcars,	 ﾠand	 ﾠconsumers	 ﾠthe	 ﾠoverall	 ﾠtransport	 ﾠdemand.	 ﾠ
•  Specific	 ﾠpolicies	 ﾠthat	 ﾠaddress	 ﾠdifferent	 ﾠactors	 ﾠtogether	 ﾠform	 ﾠa	 ﾠcoherent	 ﾠpolicy	 ﾠ
framework.	 ﾠWhile	 ﾠprice	 ﾠsignals	 ﾠby	 ﾠtaxation	 ﾠor	 ﾠemission	 ﾠtrading	 ﾠare	 ﾠcrucial,	 ﾠ
more	 ﾠtargeted	 ﾠinstruments	 ﾠaddress	 ﾠdynamic	 ﾠefficiency	 ﾠand	 ﾠparticular	 ﾠmarket	 ﾠ
failures,	 ﾠseparated	 ﾠaccording	 ﾠthe	 ﾠresponsibilities	 ﾠof	 ﾠactors.	 ﾠ
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2.1.  Overview	 ﾠon	 ﾠfuel	 ﾠlife-ﾭ‐cycle	 ﾠanalysis	 ﾠ
The	 ﾠregulation	 ﾠof	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠin	 ﾠtransport	 ﾠrequires	 ﾠknowledge	 ﾠ
about	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠof	 ﾠenergy	 ﾠsystems,	 ﾠor	 ﾠat	 ﾠleast	 ﾠa	 ﾠdetailed	 ﾠinventory	 ﾠof	 ﾠ
upstream	 ﾠemissions	 ﾠsources	 ﾠthat	 ﾠmust	 ﾠbe	 ﾠconsidered	 ﾠin	 ﾠthe	 ﾠdesign	 ﾠof	 ﾠany	 ﾠpolicy	 ﾠ
measure.	 ﾠThis	 ﾠprerequisite	 ﾠknowledge	 ﾠis	 ﾠessential	 ﾠregardless	 ﾠof	 ﾠthe	 ﾠprecise	 ﾠnature	 ﾠ
of	 ﾠthe	 ﾠpolicy	 ﾠinstrument.	 ﾠHowever,	 ﾠin	 ﾠturn,	 ﾠit	 ﾠcan	 ﾠmotivate	 ﾠdesign	 ﾠof	 ﾠinstruments.	 ﾠ	 ﾠA	 ﾠ
detailed	 ﾠanalysis	 ﾠof	 ﾠfuel	 ﾠpathways	 ﾠis	 ﾠgiven	 ﾠin	 ﾠAnnex	 ﾠB.1.	 ﾠHere,	 ﾠa	 ﾠshort	 ﾠsummary	 ﾠof	 ﾠ
the	 ﾠmain	 ﾠinsights	 ﾠis	 ﾠgiven.	 ﾠ	 ﾠ
Fuel	 ﾠpathways	 ﾠcan	 ﾠbe	 ﾠcharacterized	 ﾠby	 ﾠtwo	 ﾠmain	 ﾠfactors:	 ﾠthe	 ﾠglobal	 ﾠwarming	 ﾠ
potential	 ﾠ(GWP)	 ﾠof	 ﾠits	 ﾠprimary	 ﾠenergy	 ﾠsource,	 ﾠsuch	 ﾠas	 ﾠcoal	 ﾠor	 ﾠwind	 ﾠenergy,	 ﾠand	 ﾠthe	 ﾠ
efficiency	 ﾠloss	 ﾠat	 ﾠdifferent	 ﾠstages.	 ﾠIn	 ﾠthe	 ﾠfollowing,	 ﾠwe	 ﾠprovide	 ﾠa	 ﾠbrief	 ﾠoverview	 ﾠon	 ﾠ
the	 ﾠlifecycle	 ﾠemissions	 ﾠof	 ﾠalternative	 ﾠfeedstocks	 ﾠand	 ﾠdescribe	 ﾠthe	 ﾠissues	 ﾠassociated	 ﾠ
with	 ﾠthe	 ﾠdifferent	 ﾠpathways:	 ﾠ	 ﾠ
•  Conventional	 ﾠfuels	 ﾠ(gasoline	 ﾠand	 ﾠdiesel)	 ﾠhave	 ﾠa	 ﾠhigh	 ﾠand	 ﾠfixed	 ﾠGWP	 ﾠper	 ﾠunit	 ﾠ
of	 ﾠprimary	 ﾠenergy.	 ﾠSome	 ﾠGHG	 ﾠemissions	 ﾠare	 ﾠproduced	 ﾠat	 ﾠproduction	 ﾠ(e.g.	 ﾠ7%	 ﾠ
for	 ﾠdiesel)	 ﾠand	 ﾠby	 ﾠprocessing	 ﾠat	 ﾠrefineries	 ﾠ(e.g.,	 ﾠ12%	 ﾠfor	 ﾠdiesel)	 ﾠ(CARB	 ﾠ
2009a).	 ﾠConventional	 ﾠfuels	 ﾠare	 ﾠconsumed	 ﾠin	 ﾠinternal	 ﾠcombustion	 ﾠengines.	 ﾠ
The	 ﾠmajority	 ﾠof	 ﾠemissions	 ﾠoccur	 ﾠat	 ﾠend	 ﾠuse	 ﾠ(70-ﾭ‐90%).	 ﾠThe	 ﾠdecisive	 ﾠfactor	 ﾠis	 ﾠ
fuel	 ﾠefficiency	 ﾠof	 ﾠvehicles.	 ﾠDiesel	 ﾠengines	 ﾠare	 ﾠmore	 ﾠefficient	 ﾠthan	 ﾠgasoline	 ﾠ
engines	 ﾠand	 ﾠproduce	 ﾠ16-ﾭ‐24%	 ﾠless	 ﾠemissions	 ﾠ(Kahn	 ﾠRibeiro	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠ	 ﾠ
•  Unconventional	 ﾠfuels	 ﾠ(e.g.	 ﾠCanadian	 ﾠtar	 ﾠsands)	 ﾠcan	 ﾠhave,	 ﾠat	 ﾠthe	 ﾠstage	 ﾠof	 ﾠfuel	 ﾠ
production,	 ﾠabout	 ﾠ4.5	 ﾠtimes	 ﾠlarger	 ﾠupstream	 ﾠGHG	 ﾠemissions	 ﾠthan	 ﾠU.S	 ﾠ
domestic	 ﾠcrude	 ﾠoil	 ﾠ(US	 ﾠDOE,	 ﾠ2009).	 ﾠHence,	 ﾠwhile	 ﾠfuel	 ﾠefficiency	 ﾠremains	 ﾠthe	 ﾠ
dominant	 ﾠissue,	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠfuels	 ﾠbecomes	 ﾠmore	 ﾠimportant.	 ﾠ	 ﾠ
•  Biofuels	 ﾠcan	 ﾠfollow	 ﾠa	 ﾠmyriad	 ﾠof	 ﾠspecific	 ﾠpathways,	 ﾠand	 ﾠproduce	 ﾠGHG	 ﾠ
emissions	 ﾠat	 ﾠbiorefineries	 ﾠand	 ﾠin	 ﾠagricultural	 ﾠfeedstock	 ﾠproduction	 ﾠfurther	 ﾠ
upstream	 ﾠin	 ﾠthe	 ﾠsupply	 ﾠchain.	 ﾠThe	 ﾠlatter	 ﾠrequires	 ﾠdealing	 ﾠwith	 ﾠcomplex	 ﾠissues	 ﾠ
such	 ﾠas	 ﾠnitrous	 ﾠoxide	 ﾠemissions	 ﾠfrom	 ﾠfertilizer	 ﾠuse	 ﾠ(Crutzen	 ﾠet	 ﾠal.,	 ﾠ2008),	 ﾠ
emissions	 ﾠfrom	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠ(Farrell	 ﾠet	 ﾠal.,	 ﾠ2006;	 ﾠ
Creutzig	 ﾠand	 ﾠKammen,	 ﾠ2010)	 ﾠas	 ﾠwell	 ﾠas	 ﾠemissions	 ﾠfrom	 ﾠalternative	 ﾠ
agricultural	 ﾠmanagement	 ﾠpractices	 ﾠ(Kim	 ﾠet	 ﾠal.	 ﾠ(2009).	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠthe	 ﾠGWP	 ﾠof	 ﾠ
biofuels	 ﾠvaries	 ﾠdramatically	 ﾠwith	 ﾠpathway.	 ﾠUncertainty	 ﾠover	 ﾠlife-ﾭ‐cycle	 ﾠ
emissions	 ﾠcan	 ﾠbe	 ﾠsubstantial	 ﾠand	 ﾠmake	 ﾠproper	 ﾠassessment	 ﾠchallenging.	 ﾠThe	 ﾠ
dominant	 ﾠUS	 ﾠcorn	 ﾠethanol	 ﾠis	 ﾠestimated	 ﾠto	 ﾠhave	 ﾠhigher	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠ
than	 ﾠgasoline	 ﾠ(Hertel	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠ	 ﾠ
•  Compressed	 ﾠnatural	 ﾠgas	 ﾠhas	 ﾠa	 ﾠlower	 ﾠGWP	 ﾠthan	 ﾠconventional	 ﾠfuels.	 ﾠTotal	 ﾠlife-ﾭ‐
cycle	 ﾠemissions	 ﾠare	 ﾠ15-ﾭ‐25%	 ﾠlower	 ﾠthan	 ﾠfor	 ﾠgasoline	 ﾠengines	 ﾠ(Kahn	 ﾠRibeiro	 ﾠet	 ﾠ
al.	 ﾠ2007).	 ﾠ
•  Electricity	 ﾠcan	 ﾠhave	 ﾠvery	 ﾠhigh	 ﾠGWP	 ﾠwhen	 ﾠproduced	 ﾠin	 ﾠa	 ﾠcoal	 ﾠpower	 ﾠplant,	 ﾠand	 ﾠ
close	 ﾠto	 ﾠzero	 ﾠemissions	 ﾠwhen	 ﾠgenerated	 ﾠby	 ﾠrenewable	 ﾠsources.	 ﾠElectric	 ﾠ
motors	 ﾠare	 ﾠsignificantly	 ﾠmore	 ﾠefficient	 ﾠthan	 ﾠICEs,	 ﾠand	 ﾠtotal	 ﾠwell-ﾭto-ﾭwheel	 ﾠ
efficiency	 ﾠof	 ﾠBEVs	 ﾠranges	 ﾠbetween	 ﾠ75-ﾭ‐85%.	 ﾠElectricity	 ﾠcan	 ﾠbe	 ﾠdeployed	 ﾠfor	 ﾠ  16	 ﾠ
plug-ﾭ‐in	 ﾠhybrids,	 ﾠfull	 ﾠbattery	 ﾠelectric	 ﾠcars,	 ﾠor	 ﾠfuel	 ﾠcell	 ﾠhybrid	 ﾠelectric	 ﾠvehicles.	 ﾠ
Alternative	 ﾠstorage	 ﾠmediums	 ﾠsuch	 ﾠas	 ﾠcompressed-ﾭ‐air	 ﾠhave	 ﾠmuch	 ﾠlower	 ﾠ	 ﾠwell-ﾭ‐
to-ﾭ‐wheel	 ﾠefficiency	 ﾠ(Creutzig	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ
•  About	 ﾠ96%	 ﾠof	 ﾠhydrogen	 ﾠproduced	 ﾠglobally	 ﾠcomes	 ﾠfrom	 ﾠfossil	 ﾠfuel	 ﾠfeedstock.	 ﾠ
More	 ﾠspecifically,	 ﾠ48%	 ﾠis	 ﾠproduced	 ﾠvia	 ﾠsteam	 ﾠmethane	 ﾠreformation	 ﾠ(SMR)	 ﾠ
with	 ﾠnatural	 ﾠgas	 ﾠas	 ﾠthe	 ﾠfeedstock,	 ﾠ30%	 ﾠcomes	 ﾠfrom	 ﾠsteam	 ﾠreforming	 ﾠor	 ﾠ
partial	 ﾠoxidation	 ﾠof	 ﾠpetroleum	 ﾠand	 ﾠ18%	 ﾠfrom	 ﾠcoal	 ﾠgasification.	 ﾠElectrolysis	 ﾠof	 ﾠ
water	 ﾠprovides	 ﾠthe	 ﾠremaining	 ﾠ4%	 ﾠ(Balat	 ﾠand	 ﾠBalat	 ﾠ2009).	 ﾠ	 ﾠGHG	 ﾠemissions	 ﾠcan	 ﾠ
vary	 ﾠconsiderably	 ﾠacross	 ﾠthese	 ﾠdifferent	 ﾠpathways.	 ﾠHydrogen	 ﾠcan	 ﾠbe	 ﾠ
deployed	 ﾠfor	 ﾠfuel	 ﾠcell	 ﾠcars,	 ﾠhydrogen	 ﾠICE	 ﾠvehicles,	 ﾠor	 ﾠfuel	 ﾠcell	 ﾠhybrid	 ﾠelectric	 ﾠ
vehicles	 ﾠ
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Figure 4: Overview on efficiency losses and life-cycle emissions of fuel supply chains. 
Detailed data and sources are given in Annex B.2 
	 ﾠ
	 ﾠ Figure	 ﾠ4	 ﾠprovides	 ﾠan	 ﾠoverview	 ﾠover	 ﾠthe	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠof	 ﾠdifferent	 ﾠfuels.	 ﾠ
Full	 ﾠdetails	 ﾠare	 ﾠgiven	 ﾠin	 ﾠAppendix	 ﾠA.	 ﾠFigure	 ﾠ5	 ﾠdisplays	 ﾠlifecycle	 ﾠemissions	 ﾠof	 ﾠdifferent	 ﾠ
biofuels	 ﾠand	 ﾠnatural	 ﾠgas.	 ﾠThe	 ﾠfollowing	 ﾠfacts	 ﾠcan	 ﾠbe	 ﾠobserved:	 ﾠ
•  Emissions	 ﾠof	 ﾠfossil	 ﾠfuels	 ﾠmostly	 ﾠoccur	 ﾠdownstream	 ﾠat	 ﾠthe	 ﾠvehicle	 ﾠstage.	 ﾠ
•  Unconventional	 ﾠfossil	 ﾠfuels,	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠproduced	 ﾠfrom	 ﾠCanadian	 ﾠtar	 ﾠsands,	 ﾠ
have	 ﾠsignificant	 ﾠadditional	 ﾠemission	 ﾠat	 ﾠthe	 ﾠstage	 ﾠof	 ﾠfeedstock	 ﾠrecovery.	 ﾠ	 ﾠ
•  Emissions	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠmostly	 ﾠoccur	 ﾠupstream	 ﾠat	 ﾠproduction	 ﾠstage.	 ﾠ
•  Emissions	 ﾠof	 ﾠBEVs	 ﾠor	 ﾠPHEVs	 ﾠvary	 ﾠconsiderably	 ﾠwith	 ﾠupstream	 ﾠfeedstock.	 ﾠ	 ﾠ  17	 ﾠ
•  Emissions	 ﾠof	 ﾠvehicles	 ﾠpowered	 ﾠby	 ﾠhydrogen	 ﾠvary	 ﾠwith	 ﾠvehicle	 ﾠtechnology,	 ﾠ
distribution	 ﾠsystem	 ﾠand	 ﾠfeedstock.	 ﾠ	 ﾠ
•  Emissions	 ﾠfrom	 ﾠbiofuels	 ﾠcrucially	 ﾠdepend	 ﾠon	 ﾠspecific	 ﾠfeedstock.	 ﾠUncertainties	 ﾠ
render	 ﾠaccurate	 ﾠaccounting	 ﾠdifficult	 ﾠ(not	 ﾠshown	 ﾠin	 ﾠthe	 ﾠfigure).	 ﾠ
Crucially,	 ﾠfossil	 ﾠfuel	 ﾠemissions	 ﾠmostly	 ﾠoccur	 ﾠwith	 ﾠend	 ﾠuse,	 ﾠwhile	 ﾠalternative	 ﾠfuel	 ﾠ
emissions	 ﾠoccur	 ﾠupstream.	 ﾠFor	 ﾠall	 ﾠof	 ﾠthese	 ﾠfuels,	 ﾠproportionality	 ﾠbetween	 ﾠemissions	 ﾠ
and	 ﾠenergy	 ﾠintensity	 ﾠis	 ﾠgiven	 ﾠfor	 ﾠspecific	 ﾠsupply	 ﾠchains.	 ﾠDue	 ﾠto	 ﾠdownstream	 ﾠmixing	 ﾠ
of	 ﾠupstream	 ﾠsupply	 ﾠsources,	 ﾠhowever,	 ﾠcarbon	 ﾠcontent	 ﾠcannot	 ﾠbe	 ﾠdetermined	 ﾠfrom	 ﾠ
vehicle	 ﾠtechnology	 ﾠalone.	 ﾠComprehensive	 ﾠpolicy	 ﾠinstruments	 ﾠneed	 ﾠto	 ﾠbe	 ﾠadaptive	 ﾠto	 ﾠ
varying	 ﾠfuel	 ﾠsupply	 ﾠchains	 ﾠin	 ﾠorder	 ﾠto	 ﾠprovide	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠall	 ﾠfuels.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ
	 ﾠ
Figure 5: Overview on life cycle emissions of different biofuels and natural gas. Data are 
taken from CARB (2009b).   
	 ﾠ
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2.2.  Economic	 ﾠactors	 ﾠ
Fuel	 ﾠproducers	 ﾠ
There	 ﾠare	 ﾠa	 ﾠnumber	 ﾠof	 ﾠdifferent	 ﾠfuel	 ﾠcategories	 ﾠfor	 ﾠtransport:	 ﾠ	 ﾠfossil	 ﾠfuels	 ﾠ
(including	 ﾠconventional	 ﾠand	 ﾠunconventional	 ﾠfuels),	 ﾠbiofuels,	 ﾠelectricity,	 ﾠand	 ﾠ
hydrogen.	 ﾠFuel	 ﾠproducers	 ﾠfor	 ﾠall	 ﾠfossil	 ﾠfuels	 ﾠare	 ﾠhere	 ﾠunderstood	 ﾠas	 ﾠrefinery	 ﾠ
operators	 ﾠor,	 ﾠalternatively,	 ﾠas	 ﾠimporters	 ﾠof	 ﾠrefined	 ﾠpetroleum.	 ﾠBiofuel	 ﾠproducers	 ﾠare	 ﾠ
biofuel	 ﾠrefinery	 ﾠoperators	 ﾠ(for	 ﾠdetailed	 ﾠdiscussion	 ﾠsee	 ﾠbelow).	 ﾠHydrogen	 ﾠproducers	 ﾠ
are	 ﾠoperators	 ﾠof	 ﾠhydrogen	 ﾠproduction	 ﾠplants.	 ﾠElectricity	 ﾠproducers	 ﾠare	 ﾠelectric	 ﾠ
utlities.	 ﾠWe	 ﾠfocus	 ﾠon	 ﾠthese	 ﾠactors	 ﾠfor	 ﾠtwo	 ﾠreasons:	 ﾠA)Most	 ﾠof	 ﾠpetroleum	 ﾠprocessing	 ﾠ
emissions	 ﾠoccur	 ﾠat	 ﾠthe	 ﾠstage	 ﾠof	 ﾠrefineries;	 ﾠsimilarly	 ﾠelectricity	 ﾠemissions	 ﾠoccur	 ﾠat	 ﾠthe	 ﾠ
power	 ﾠplant.	 ﾠB)	 ﾠFuel	 ﾠproducers,	 ﾠdefined	 ﾠas	 ﾠabove,	 ﾠcomprise	 ﾠfor	 ﾠall	 ﾠfuels	 ﾠa	 ﾠrelatively	 ﾠ
small	 ﾠnumber	 ﾠof	 ﾠactors	 ﾠthat	 ﾠcontrol	 ﾠoverall	 ﾠfuel	 ﾠsupply.	 ﾠFor	 ﾠfossil	 ﾠfuels,	 ﾠfor	 ﾠexample,	 ﾠ
it	 ﾠis	 ﾠthe	 ﾠmost	 ﾠupstream	 ﾠlevel	 ﾠwhere	 ﾠoil	 ﾠcan	 ﾠbe	 ﾠregulated	 ﾠwithin	 ﾠworld	 ﾠregions	 ﾠthat	 ﾠ
rely	 ﾠon	 ﾠoil	 ﾠimports.	 ﾠ
Fuel	 ﾠproducers	 ﾠhave	 ﾠthe	 ﾠfollowing	 ﾠinfluence	 ﾠon	 ﾠGHG	 ﾠemissions:	 ﾠ
1.  Reduce	 ﾠprocessing	 ﾠemissions	 ﾠin	 ﾠrefineries	 ﾠ
2.  Switch	 ﾠto	 ﾠlow	 ﾠcarbon	 ﾠfuels,	 ﾠe.g.,	 ﾠfrom	 ﾠfossil	 ﾠfuels	 ﾠto	 ﾠlow	 ﾠcarbon	 ﾠbiofuels	 ﾠsuch	 ﾠ
as	 ﾠsugarcane	 ﾠethanol.	 ﾠ
3.  Shift	 ﾠto	 ﾠthose	 ﾠfuels	 ﾠwithin	 ﾠa	 ﾠcategory	 ﾠthat	 ﾠhave	 ﾠlower	 ﾠupstream	 ﾠemissions,	 ﾠ
e.g.	 ﾠfrom	 ﾠoil	 ﾠfrom	 ﾠtar	 ﾠsands	 ﾠto	 ﾠconventional	 ﾠfossil	 ﾠfuels.	 ﾠ	 ﾠ
Specific	 ﾠinstruments	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠincentivize	 ﾠa	 ﾠreduction	 ﾠin	 ﾠthe	 ﾠcarbon	 ﾠ
content	 ﾠof	 ﾠfuels,	 ﾠe.g.	 ﾠrenewable	 ﾠfuel	 ﾠquota,	 ﾠthe	 ﾠLow	 ﾠCarbon	 ﾠFuel	 ﾠStandard	 ﾠ(LCFS)	 ﾠor	 ﾠ
emission	 ﾠtrading	 ﾠfor	 ﾠrefinery	 ﾠemissions	 ﾠ(see	 ﾠbelow	 ﾠfor	 ﾠmore	 ﾠdetailed	 ﾠ
characterization).	 ﾠThese	 ﾠinstruments	 ﾠcorrespond	 ﾠto	 ﾠthe	 ﾠcarbon	 ﾠintensity	 ﾠfactor	 ﾠin	 ﾠ
Figure	 ﾠ6.	 ﾠIn	 ﾠaddition,	 ﾠgeneral	 ﾠprice	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠor	 ﾠemission	 ﾠ
trading	 ﾠfor	 ﾠall	 ﾠfuel	 ﾠrelated	 ﾠemissions	 ﾠ(including	 ﾠdownstream	 ﾠtail	 ﾠpipe	 ﾠemissions)	 ﾠ
could	 ﾠbe	 ﾠapplied	 ﾠat	 ﾠfuel	 ﾠproducers.	 ﾠAt	 ﾠthis	 ﾠstage,	 ﾠthe	 ﾠoverall	 ﾠcarbon	 ﾠcontent	 ﾠcould	 ﾠbe	 ﾠ
captured.	 ﾠFurthermore,	 ﾠprice	 ﾠsignal	 ﾠare	 ﾠinduced	 ﾠat	 ﾠall	 ﾠrelevant	 ﾠlevels	 ﾠand	 ﾠprovide	 ﾠ
indirect	 ﾠincentives	 ﾠfor	 ﾠcar	 ﾠmanufacturers	 ﾠand	 ﾠconsumers.	 ﾠ	 ﾠ
Car	 ﾠmanufacturers	 ﾠ
Car	 ﾠmanufacturers	 ﾠcannot	 ﾠinfluence	 ﾠthe	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠfuels.	 ﾠIn	 ﾠparticular,	 ﾠ
manufacturers	 ﾠof	 ﾠelectric	 ﾠcars	 ﾠdo	 ﾠnot	 ﾠhave	 ﾠinfluence	 ﾠon	 ﾠthe	 ﾠGWP	 ﾠof	 ﾠelectricity	 ﾠused	 ﾠ
to	 ﾠpower	 ﾠthe	 ﾠcar.	 ﾠHowever,	 ﾠcar	 ﾠmanufacturers	 ﾠdesign	 ﾠmotor	 ﾠand	 ﾠvehicle	 ﾠ
characteristics,	 ﾠand	 ﾠby	 ﾠthis	 ﾠdetermine	 ﾠfuel	 ﾠefficiency,	 ﾠi.e.	 ﾠtank-ﾭto-ﾭwheel	 ﾠefficiency,	 ﾠ
and	 ﾠhence,	 ﾠalso	 ﾠcontribute	 ﾠto	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠcharacteristics	 ﾠof	 ﾠfuels	 ﾠin	 ﾠterms	 ﾠof	 ﾠ
GWP/distance.	 ﾠIt	 ﾠis	 ﾠclear,	 ﾠthat	 ﾠcar	 ﾠmanufacturers	 ﾠprimarily	 ﾠshould	 ﾠbe	 ﾠincentivized	 ﾠ
and	 ﾠregulated	 ﾠin	 ﾠterms	 ﾠof	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency.	 ﾠHowever,	 ﾠcar	 ﾠmanufacturers	 ﾠand	 ﾠ
fuel	 ﾠproducers	 ﾠare	 ﾠto	 ﾠsome	 ﾠdegree	 ﾠdependent	 ﾠon	 ﾠeach	 ﾠother.	 ﾠSupply	 ﾠ(fuel	 ﾠproducer)	 ﾠ
and	 ﾠdemand	 ﾠ(owners	 ﾠof	 ﾠfuel-ﾭ‐specific	 ﾠvehicles)	 ﾠof	 ﾠdifferent	 ﾠfuels	 ﾠhas	 ﾠto	 ﾠmatch	 ﾠeach	 ﾠ
other.	 ﾠThis	 ﾠis	 ﾠmostly	 ﾠnot	 ﾠa	 ﾠpure	 ﾠfunction	 ﾠof	 ﾠcompetitive	 ﾠmarkets	 ﾠas	 ﾠboth	 ﾠthe	 ﾠsupply	 ﾠ  19	 ﾠ
and	 ﾠthe	 ﾠdemand	 ﾠside	 ﾠare	 ﾠoligopolies,	 ﾠand	 ﾠrequire	 ﾠhigh	 ﾠfront-ﾭ‐up	 ﾠinvestments	 ﾠin	 ﾠ
research,	 ﾠdevelopment	 ﾠand	 ﾠdeployment	 ﾠand	 ﾠinfrastructures.	 ﾠFor	 ﾠexample,	 ﾠelectricity	 ﾠ
can	 ﾠonly	 ﾠbe	 ﾠdelivered	 ﾠto	 ﾠelectric	 ﾠvehicles	 ﾠbut	 ﾠnot	 ﾠto	 ﾠconventional	 ﾠcars.	 ﾠElectric	 ﾠcars	 ﾠ
would	 ﾠalso	 ﾠprofit	 ﾠfrom	 ﾠpublic	 ﾠcharging	 ﾠstations	 ﾠor	 ﾠbattery	 ﾠswap	 ﾠstations.	 ﾠFor	 ﾠelectric	 ﾠ
cars,	 ﾠa	 ﾠsmall	 ﾠnumber	 ﾠof	 ﾠelectricity	 ﾠproviders	 ﾠand	 ﾠ	 ﾠnational	 ﾠenergy	 ﾠand	 ﾠclimate	 ﾠ
policies,	 ﾠsuch	 ﾠas	 ﾠemission	 ﾠtrading,	 ﾠhave	 ﾠmost	 ﾠinfluence	 ﾠon	 ﾠthe	 ﾠfuels’	 ﾠcarbon	 ﾠ
footprint.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠprovision	 ﾠof	 ﾠelectricity	 ﾠfor	 ﾠelectric	 ﾠcars	 ﾠdoes	 ﾠnot	 ﾠrelieve	 ﾠthe	 ﾠ
electricity	 ﾠproviders	 ﾠfrom	 ﾠaccounting	 ﾠfor	 ﾠthe	 ﾠrespective	 ﾠcarbon	 ﾠfootprint.	 ﾠSimilarly,	 ﾠ
conventional,	 ﾠand	 ﾠnon-ﾭ‐conventional	 ﾠliquid	 ﾠfuels	 ﾠand	 ﾠbiofuels	 ﾠcan	 ﾠhave	 ﾠhugely	 ﾠ
varying	 ﾠemissions	 ﾠand	 ﾠenvironmental	 ﾠimpact.	 ﾠHence,	 ﾠfuel	 ﾠproviders,	 ﾠincluding	 ﾠ
biofuel	 ﾠproviders,	 ﾠneed	 ﾠto	 ﾠbe	 ﾠhold	 ﾠfully	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠcarbon	 ﾠand	 ﾠ
environmental	 ﾠfootprint	 ﾠof	 ﾠtheir	 ﾠproducts.	 ﾠFor	 ﾠmore	 ﾠdetails,	 ﾠsee	 ﾠchapter	 ﾠ3.4.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Consumers	 ﾠ
Consumers	 ﾠcan	 ﾠinfluence	 ﾠtheir	 ﾠtransport	 ﾠinduced	 ﾠcarbon	 ﾠemissions	 ﾠthrough	 ﾠa	 ﾠ
series	 ﾠof	 ﾠdecisions	 ﾠbelonging	 ﾠto	 ﾠtwo	 ﾠcategories:	 ﾠ
Options	 ﾠ	 ﾠto	 ﾠreplace	 ﾠand	 ﾠreduce	 ﾠtransport	 ﾠneeds:	 ﾠ	 ﾠ
•  Residential	 ﾠand	 ﾠwork	 ﾠplace	 ﾠlocation	 ﾠdecision	 ﾠdetermine	 ﾠpart	 ﾠof	 ﾠoverall	 ﾠ
transport	 ﾠdemand	 ﾠand,	 ﾠpossibly,	 ﾠmode	 ﾠchoice	 ﾠ
•  Offer	 ﾠand	 ﾠuse	 ﾠ	 ﾠof	 ﾠ	 ﾠother	 ﾠtransport	 ﾠmodes	 ﾠ(public	 ﾠtransport,	 ﾠincluding	 ﾠtaxis,	 ﾠ
non-ﾭ‐motorized	 ﾠtransport)	 ﾠ
	 ﾠ
Options	 ﾠto	 ﾠinfluence	 ﾠthe	 ﾠenvironmental	 ﾠimpact	 ﾠ	 ﾠof	 ﾠcar	 ﾠdriving:	 ﾠ
	 ﾠ
•  Decision	 ﾠon	 ﾠwhat	 ﾠkind	 ﾠof	 ﾠcar,	 ﾠby	 ﾠthis,	 ﾠdetermining	 ﾠfuel	 ﾠefficiency	 ﾠ
•  Decision	 ﾠof	 ﾠthe	 ﾠuse	 ﾠof	 ﾠfuel	 ﾠ(e.g.,	 ﾠin	 ﾠPHEVs	 ﾠor	 ﾠflex-ﾭ‐fuel	 ﾠvehicles)	 ﾠ
•  Driving	 ﾠbehavior,	 ﾠage	 ﾠof	 ﾠthe	 ﾠcar,	 ﾠconstitution	 ﾠof	 ﾠthe	 ﾠcar	 ﾠ	 ﾠ
Crucially,	 ﾠconsumers	 ﾠdecide	 ﾠon	 ﾠtheir	 ﾠoverall	 ﾠdistance	 ﾠtraveled.	 ﾠWhile	 ﾠthere	 ﾠis	 ﾠ
some	 ﾠclear	 ﾠoverlap	 ﾠwith	 ﾠother	 ﾠfactors,	 ﾠe.g.	 ﾠthe	 ﾠconsumer’s	 ﾠdecision	 ﾠon	 ﾠfuel	 ﾠefficiency,	 ﾠ
travel	 ﾠdemand	 ﾠis	 ﾠthe	 ﾠimportant	 ﾠfactor	 ﾠto	 ﾠbe	 ﾠincentivized	 ﾠand	 ﾠregulated	 ﾠat	 ﾠconsumer	 ﾠ
level.	 ﾠ	 ﾠ
	 ﾠ
2.3.  Policy	 ﾠframework	 ﾠ
The	 ﾠcase	 ﾠfor	 ﾠcomplementary	 ﾠinstruments	 ﾠ
Policy	 ﾠinstruments	 ﾠcan	 ﾠbe	 ﾠtailored	 ﾠto	 ﾠspecific	 ﾠactors,	 ﾠor	 ﾠthey	 ﾠcan	 ﾠaspire	 ﾠto	 ﾠ
incentivize	 ﾠlow-ﾭ‐carbon	 ﾠactivities	 ﾠeconomy	 ﾠwide.	 ﾠBoth	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠand	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠsystem	 ﾠbelong	 ﾠto	 ﾠthe	 ﾠlatter	 ﾠclass.	 ﾠIn	 ﾠfact,	 ﾠif	 ﾠpolicy	 ﾠmakers	 ﾠwant	 ﾠto	 ﾠeffectively	 ﾠ
decarbonize	 ﾠeconomies	 ﾠuntil	 ﾠ2050,	 ﾠeconomy-ﾭ‐wide	 ﾠinstruments	 ﾠare	 ﾠnecessary	 ﾠ
conditions.	 ﾠThis	 ﾠstatement	 ﾠwill	 ﾠbe	 ﾠfully	 ﾠmotivated	 ﾠin	 ﾠchapter	 ﾠ5.	 ﾠSome	 ﾠeconomists	 ﾠ
argue	 ﾠthat	 ﾠsuch	 ﾠan	 ﾠinstrument	 ﾠis	 ﾠsufficient	 ﾠto	 ﾠachieve	 ﾠclimate	 ﾠprotection	 ﾠgoals,	 ﾠand	 ﾠ
that	 ﾠother	 ﾠinstruments	 ﾠwould	 ﾠcompromise	 ﾠefficiency	 ﾠand	 ﾠcould	 ﾠharm	 ﾠthe	 ﾠeconomy	 ﾠ  20	 ﾠ
(Sinn	 ﾠ2008).	 ﾠThis	 ﾠperspective	 ﾠassumes	 ﾠa	 ﾠperfect	 ﾠmarket	 ﾠenvironment,	 ﾠwhere	 ﾠall	 ﾠ
agents	 ﾠbehave	 ﾠcompletely	 ﾠrational	 ﾠand	 ﾠprice	 ﾠsignals	 ﾠcan	 ﾠbe	 ﾠeffective.	 ﾠHowever,	 ﾠso-ﾭ‐
called	 ﾠmarket	 ﾠfailures	 ﾠcan	 ﾠhave	 ﾠhigh	 ﾠimpact,	 ﾠand	 ﾠinduce	 ﾠmajor	 ﾠdivergence	 ﾠfrom	 ﾠthe	 ﾠ
social	 ﾠoptima.	 ﾠMarket	 ﾠfailures	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠare	 ﾠwell	 ﾠknown	 ﾠand	 ﾠmotivate	 ﾠ
complementary	 ﾠinstruments	 ﾠthat	 ﾠincentivize	 ﾠspecific	 ﾠactors.	 ﾠCrucially,	 ﾠthe	 ﾠ
underlying	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠmisunderstanding	 ﾠis	 ﾠthat	 ﾠperfect	 ﾠmarket	 ﾠequilibrium	 ﾠis	 ﾠ
mostly	 ﾠcharacterized	 ﾠin	 ﾠa	 ﾠstatic	 ﾠsetting.	 ﾠHowever,	 ﾠwhen	 ﾠtechnological	 ﾠlearning	 ﾠ
curves	 ﾠand	 ﾠfront-ﾭ‐up	 ﾠinfrastructure	 ﾠinvestment	 ﾠbecome	 ﾠrelevant,	 ﾠonly	 ﾠa	 ﾠdynamic	 ﾠ
setting	 ﾠcan	 ﾠcharacterize	 ﾠthe	 ﾠsocial	 ﾠoptimum.	 ﾠIn	 ﾠthe	 ﾠfollowing,	 ﾠthe	 ﾠspecific	 ﾠcase	 ﾠfor	 ﾠ
two	 ﾠimportant	 ﾠpolicy	 ﾠinterventions,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠand	 ﾠinfrastructure	 ﾠ
building,	 ﾠis	 ﾠshortly	 ﾠsummarized.	 ﾠ	 ﾠ
The	 ﾠmarket	 ﾠfor	 ﾠenergy	 ﾠefficiency	 ﾠin	 ﾠthe	 ﾠautomobile	 ﾠindustry	 ﾠappears	 ﾠto	 ﾠhave	 ﾠ
a	 ﾠbias	 ﾠthat	 ﾠleads	 ﾠto	 ﾠundervaluing	 ﾠfuture	 ﾠenergy	 ﾠsavings	 ﾠrelative	 ﾠto	 ﾠtheir	 ﾠexpected	 ﾠ
value.	 ﾠMarkets	 ﾠtend	 ﾠto	 ﾠneglect	 ﾠapparently	 ﾠcost-ﾭ‐effective	 ﾠenergy	 ﾠefficiency	 ﾠoptions.	 ﾠ
Sometimes	 ﾠthis	 ﾠis	 ﾠlabeled	 ﾠthe	 ﾠefficiency	 ﾠgap	 ﾠor	 ﾠenergy	 ﾠparadox	 ﾠ(Weber	 ﾠ1990).	 ﾠAn	 ﾠ
important	 ﾠreason	 ﾠis	 ﾠinsufficient	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠtrade-ﾭ‐off	 ﾠbetween	 ﾠhigher	 ﾠ
technology	 ﾠinvestment	 ﾠand	 ﾠsavings	 ﾠfrom	 ﾠbetter	 ﾠfuel	 ﾠefficiency	 ﾠat	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠ
purchase	 ﾠ(OECD/ITF	 ﾠ2008).	 ﾠIt	 ﾠis	 ﾠargued	 ﾠthat	 ﾠthe	 ﾠbias	 ﾠis	 ﾠchiefly	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠ
combination	 ﾠof	 ﾠsubstantial	 ﾠuncertainty	 ﾠabout	 ﾠthe	 ﾠnet	 ﾠvalue	 ﾠof	 ﾠfuture	 ﾠfuel	 ﾠsavings	 ﾠand	 ﾠ
the	 ﾠloss	 ﾠaversion	 ﾠof	 ﾠtypical	 ﾠconsumers	 ﾠ(Greene	 ﾠ2009).	 ﾠLoss	 ﾠaversion	 ﾠmeans	 ﾠthat	 ﾠ
potential	 ﾠlosses	 ﾠare	 ﾠvalued	 ﾠmore	 ﾠthan	 ﾠpotential	 ﾠgains,	 ﾠboth	 ﾠmeasured	 ﾠfrom	 ﾠthe	 ﾠ
status	 ﾠquo	 ﾠ(Kahnemann	 ﾠet	 ﾠal.	 ﾠ1991).	 ﾠFuture	 ﾠenergy	 ﾠsavings,	 ﾠof	 ﾠe.g.	 ﾠhybrid	 ﾠcars,	 ﾠare	 ﾠ
uncertain	 ﾠfor	 ﾠseveral	 ﾠreasons	 ﾠ(Greene	 ﾠ2009):	 ﾠ
1.	 ﾠ future	 ﾠenergy	 ﾠprices	 ﾠare	 ﾠuncertain;	 ﾠ
2.	 ﾠ the	 ﾠenergy	 ﾠefficiency	 ﾠrealized	 ﾠin	 ﾠactual	 ﾠuse	 ﾠis	 ﾠdifficult	 ﾠto	 ﾠpredict;	 ﾠ
3.	 ﾠ the	 ﾠquantity	 ﾠof	 ﾠuse	 ﾠis	 ﾠnot	 ﾠprecisely	 ﾠknown;	 ﾠand	 ﾠ
4.	 ﾠ the	 ﾠequipment’s	 ﾠuseful	 ﾠlife	 ﾠis	 ﾠnot	 ﾠknown	 ﾠwith	 ﾠcertainty.	 ﾠ
As	 ﾠa	 ﾠresult	 ﾠof	 ﾠthis	 ﾠuncertainty-ﾭ‐loss-ﾭ‐aversion	 ﾠbias	 ﾠ(ULAB),	 ﾠconsumers	 ﾠdisplay	 ﾠ
a	 ﾠvery	 ﾠsteep	 ﾠdiscounting	 ﾠcurve;	 ﾠconsumers	 ﾠexpect	 ﾠpayback	 ﾠof	 ﾠautomobile	 ﾠenergy	 ﾠ
investments	 ﾠafter	 ﾠ2-ﾭ‐4	 ﾠyears.	 ﾠHowever,	 ﾠrecent	 ﾠresearch	 ﾠshows	 ﾠthat	 ﾠconsumers	 ﾠdo	 ﾠnot	 ﾠ
even	 ﾠuse	 ﾠlifetime	 ﾠdiscounting	 ﾠin	 ﾠevaluating	 ﾠautomotive	 ﾠfuel	 ﾠeconomy.	 ﾠThis	 ﾠis	 ﾠ
traditionally	 ﾠclassified	 ﾠas	 ﾠ‘market	 ﾠfailure’	 ﾠbut	 ﾠis	 ﾠnot	 ﾠso	 ﾠmuch	 ﾠof	 ﾠa	 ﾠconcern	 ﾠin	 ﾠas	 ﾠit	 ﾠ
displays	 ﾠconsumer	 ﾠpreferences.	 ﾠHowever,	 ﾠthe	 ﾠphenomenon	 ﾠis	 ﾠproblematic	 ﾠin	 ﾠso	 ﾠfar	 ﾠ
as	 ﾠsocietal	 ﾠwelfare	 ﾠ(climate	 ﾠchange,	 ﾠenergy	 ﾠsecurity)	 ﾠis	 ﾠconsiderably	 ﾠaffected.	 ﾠHence,	 ﾠ
policies	 ﾠaddressing	 ﾠULAB	 ﾠare	 ﾠjustified	 ﾠfrom	 ﾠa	 ﾠsocial	 ﾠwelfare	 ﾠperspective.	 ﾠ	 ﾠ
Another	 ﾠcritical	 ﾠissue	 ﾠis	 ﾠthe	 ﾠdeployment	 ﾠof	 ﾠpublic	 ﾠinfrastructure	 ﾠfor	 ﾠ
transportation,	 ﾠcomprising	 ﾠa	 ﾠroad	 ﾠnetwork	 ﾠfor	 ﾠcars	 ﾠand	 ﾠpublic	 ﾠtransport	 ﾠ(and	 ﾠwith	 ﾠ
less	 ﾠinvestment	 ﾠalso	 ﾠbicycle	 ﾠlanes	 ﾠand	 ﾠpedestrian	 ﾠaccessibility).	 ﾠThe	 ﾠinvestment	 ﾠinto	 ﾠ
car	 ﾠand	 ﾠpublic	 ﾠtransport	 ﾠinfrastructure	 ﾠdetermines	 ﾠthe	 ﾠgeneralized	 ﾠmarginal	 ﾠcosts	 ﾠof	 ﾠ
usage	 ﾠof	 ﾠthese	 ﾠmodes.	 ﾠThe	 ﾠgeneralized	 ﾠcosts	 ﾠnotably	 ﾠinclude	 ﾠtime	 ﾠcosts	 ﾠ–	 ﾠin	 ﾠmore	 ﾠ
affluent	 ﾠsocieties	 ﾠthe	 ﾠmajor	 ﾠcomponent	 ﾠof	 ﾠtotal	 ﾠtransportation	 ﾠcosts.	 ﾠHence,	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investment	 ﾠdecisions	 ﾠdetermine	 ﾠthe	 ﾠrelative	 ﾠattractiveness	 ﾠof	 ﾠdifferent	 ﾠmodes	 ﾠand	 ﾠ
the	 ﾠoverall	 ﾠtransport	 ﾠsystem	 ﾠsustainability.	 ﾠA	 ﾠmixture	 ﾠof	 ﾠtransport	 ﾠdemand	 ﾠ
management	 ﾠand	 ﾠpublic	 ﾠtransport	 ﾠinvestment	 ﾠcan	 ﾠproduce	 ﾠsignificant	 ﾠco-ﾭ‐benefits	 ﾠin	 ﾠ
dense	 ﾠcities	 ﾠ(Creutzig	 ﾠand	 ﾠHe	 ﾠ2009).	 ﾠA	 ﾠprice	 ﾠmechanism	 ﾠon	 ﾠmarginal	 ﾠcosts,	 ﾠhowever,	 ﾠ
does	 ﾠnot	 ﾠnecessarily	 ﾠinfluence	 ﾠinfrastructure	 ﾠdecision	 ﾠof	 ﾠpolicy	 ﾠmakers.	 ﾠHence,	 ﾠ
marginal	 ﾠprice	 ﾠinstruments	 ﾠwithout	 ﾠappropriate	 ﾠinfrastructure	 ﾠinvestments	 ﾠcan	 ﾠ
produce	 ﾠsuboptimal	 ﾠequilibria.	 ﾠThis	 ﾠreport	 ﾠfocuses	 ﾠon	 ﾠpolicy	 ﾠinstruments	 ﾠfor	 ﾠfuel	 ﾠ
and	 ﾠenergy	 ﾠproducers	 ﾠand	 ﾠcar	 ﾠmanufacturers.	 ﾠAddressing	 ﾠconsumer	 ﾠbehavior	 ﾠand	 ﾠ
public	 ﾠinfrastructure	 ﾠinvestment	 ﾠis	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠstudy.	 ﾠIn	 ﾠthe	 ﾠfollowing,	 ﾠ
the	 ﾠrelationship	 ﾠbetween	 ﾠactors	 ﾠand	 ﾠrelevant	 ﾠdecomposition	 ﾠfactors	 ﾠis	 ﾠdiscussed.	 ﾠ	 ﾠ
A	 ﾠdecomposition	 ﾠfactor	 ﾠfor	 ﾠeach	 ﾠactor	 ﾠ
Arguing	 ﾠfrom	 ﾠan	 ﾠactor-ﾭ‐based	 ﾠperspective,	 ﾠwe	 ﾠsuggest	 ﾠthat	 ﾠeach	 ﾠ
decomposition	 ﾠfactor	 ﾠof	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠcan	 ﾠbe	 ﾠpredominantly	 ﾠ
attributed	 ﾠto	 ﾠa	 ﾠdifferent	 ﾠactor.	 ﾠ	 ﾠ
a.  Fuel	 ﾠproducers:	 ﾠcarbon	 ﾠintensity	 ﾠ
b.  Car	 ﾠmanufacturers:	 ﾠenergy	 ﾠintensity	 ﾠ
c.  Consumers:	 ﾠtravel	 ﾠdemand	 ﾠ(and	 ﾠrealized	 ﾠmileage)	 ﾠ	 ﾠ
Hence,	 ﾠpolicy	 ﾠinstruments	 ﾠshould	 ﾠtarget	 ﾠactors	 ﾠby	 ﾠfocusing	 ﾠon	 ﾠtheir	 ﾠrespective	 ﾠ
decomposition	 ﾠfactor.	 ﾠThis	 ﾠprinciple	 ﾠis	 ﾠoutlined	 ﾠin	 ﾠFigure	 ﾠ6.	 ﾠ	 ﾠ
	 ﾠ
 
Figure 6. Decomposion of greenhouse gas emissions in the transport sector and 
corresponding policy instruments. 
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Responsibility	 ﾠfor	 ﾠthe	 ﾠGWP	 ﾠof	 ﾠfuels	 ﾠlies	 ﾠclearly	 ﾠwith	 ﾠthe	 ﾠfuel	 ﾠproducers.	 ﾠThe	 ﾠ
relevant	 ﾠmeasure	 ﾠhere	 ﾠis	 ﾠthe	 ﾠcarbon	 ﾠintensity	 ﾠmeasured	 ﾠin	 ﾠCO2e/kWh.	 ﾠFor	 ﾠcar	 ﾠ
manufacturers,	 ﾠresponsibility	 ﾠgoes	 ﾠwith	 ﾠthe	 ﾠenergy	 ﾠintensity	 ﾠmeasured,	 ﾠe.g	 ﾠin	 ﾠ
MJ/km.	 ﾠThis	 ﾠperspective	 ﾠis	 ﾠin	 ﾠcontrast	 ﾠwith	 ﾠcurrent	 ﾠEU	 ﾠregulation	 ﾠwhere	 ﾠfleet	 ﾠ
averages	 ﾠare	 ﾠmeasures	 ﾠin	 ﾠg	 ﾠCO2/km.	 ﾠIn	 ﾠthe	 ﾠcurrent	 ﾠsetting,	 ﾠwhich	 ﾠis	 ﾠvastly	 ﾠ
dominated	 ﾠby	 ﾠICE,	 ﾠthis	 ﾠis	 ﾠequivalent	 ﾠto	 ﾠfuel	 ﾠefficiency	 ﾠmeasured	 ﾠas	 ﾠenergy	 ﾠintensity.	 ﾠ
The	 ﾠreason	 ﾠis	 ﾠthe	 ﾠstrict	 ﾠproportionality	 ﾠbetween	 ﾠGHG	 ﾠemissions	 ﾠand	 ﾠenergy	 ﾠcontent	 ﾠ
of	 ﾠfuel.	 ﾠHowever,	 ﾠin	 ﾠthe	 ﾠmedium-ﾭ‐to-ﾭ‐long	 ﾠrun,	 ﾠbiofuels,	 ﾠelectricity	 ﾠand	 ﾠhydrogen	 ﾠwill	 ﾠ
gain	 ﾠlarger	 ﾠmarket	 ﾠshares.	 ﾠFor	 ﾠall	 ﾠof	 ﾠthese	 ﾠfuels,	 ﾠproportionality	 ﾠbetween	 ﾠemissions	 ﾠ
and	 ﾠenergy	 ﾠintensity	 ﾠis	 ﾠgiven	 ﾠfor	 ﾠspecific	 ﾠsupply	 ﾠchains.	 ﾠDue	 ﾠto	 ﾠdownstream	 ﾠmixing	 ﾠ
of	 ﾠupstream	 ﾠsupply	 ﾠsources,	 ﾠhowever,	 ﾠcarbon	 ﾠcontent	 ﾠcannot,	 ﾠin	 ﾠgeneral,	 ﾠbe	 ﾠinfered	 ﾠ
from	 ﾠenergy	 ﾠintensity..	 ﾠ
Interdependency	 ﾠbetween	 ﾠdecomposition	 ﾠfactors	 ﾠ
Carbon	 ﾠintensity	 ﾠand	 ﾠenergy	 ﾠintensity	 ﾠare	 ﾠnot	 ﾠcompletely	 ﾠindependent	 ﾠfrom	 ﾠ
each	 ﾠother.	 ﾠFor	 ﾠexample,	 ﾠlow	 ﾠcarbon	 ﾠelectricty	 ﾠrequires	 ﾠelectric	 ﾠvehicles	 ﾠto	 ﾠbe	 ﾠ
utilized	 ﾠfor	 ﾠtransportation.	 ﾠIn	 ﾠthis	 ﾠcase,	 ﾠthe	 ﾠstatic	 ﾠincentives,	 ﾠhowever,	 ﾠalign	 ﾠwell:	 ﾠAn	 ﾠ
electric	 ﾠvehicles	 ﾠhas	 ﾠalso	 ﾠhigher	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency	 ﾠ(lower	 ﾠenergy	 ﾠintensity)	 ﾠ
than	 ﾠan	 ﾠICE.	 ﾠNonetheless,	 ﾠdynamic	 ﾠefficiency	 ﾠcannot	 ﾠnecessarily	 ﾠbe	 ﾠguaranteed	 ﾠwith	 ﾠ
this	 ﾠframework.	 ﾠFor	 ﾠinstance,	 ﾠelectric	 ﾠvehicles	 ﾠcould	 ﾠhave	 ﾠtoo	 ﾠhigh	 ﾠinitial	 ﾠinvestment	 ﾠ
costs,	 ﾠand	 ﾠface	 ﾠconsiderable	 ﾠobstacles	 ﾠto	 ﾠgain	 ﾠmarket	 ﾠshares,	 ﾠeven	 ﾠif	 ﾠthey	 ﾠare	 ﾠmore	 ﾠ
cost	 ﾠefficient	 ﾠin	 ﾠthe	 ﾠlong	 ﾠrun.	 ﾠIn	 ﾠthis	 ﾠcase,	 ﾠhowever,	 ﾠwe	 ﾠargue	 ﾠfor	 ﾠinstruments	 ﾠ
tailored	 ﾠto	 ﾠthe	 ﾠdynamics	 ﾠof	 ﾠthe	 ﾠso-ﾭ‐called	 ﾠtechnological	 ﾠlearning	 ﾠcurve,	 ﾠbut	 ﾠthat	 ﾠ
should	 ﾠnot	 ﾠbe	 ﾠneedlessly	 ﾠmingled	 ﾠwith	 ﾠfuel	 ﾠefficiency	 ﾠstandards,	 ﾠa	 ﾠstatic	 ﾠinstrument.	 ﾠ	 ﾠ
More	 ﾠgenerally,	 ﾠin	 ﾠa	 ﾠpure	 ﾠmarket	 ﾠwith	 ﾠperfect	 ﾠcompetition,	 ﾠa	 ﾠprice	 ﾠ
instrument	 ﾠsuch	 ﾠas	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠor	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠis	 ﾠsufficient	 ﾠto	 ﾠincentivize	 ﾠall	 ﾠ
options.	 ﾠActor-ﾭ‐specific	 ﾠregulation	 ﾠaddress	 ﾠmarket	 ﾠfailures	 ﾠor	 ﾠdynamic	 ﾠinefficiencies	 ﾠ
of	 ﾠprice	 ﾠinstruments.	 ﾠIn	 ﾠparticular,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠcompensate	 ﾠfor	 ﾠthe	 ﾠso-ﾭ‐
called	 ﾠuncertainty	 ﾠloss-ﾭ‐aversion	 ﾠbias	 ﾠof	 ﾠconsumers.	 ﾠCar	 ﾠbuyers	 ﾠsystematically	 ﾠ
undervalue	 ﾠfuture	 ﾠfuel	 ﾠsavings	 ﾠof	 ﾠmore	 ﾠfuel	 ﾠefficient	 ﾠcars	 ﾠ(Greene	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ
Carbon	 ﾠintensity	 ﾠstandards	 ﾠefficiently	 ﾠcomplement	 ﾠprice	 ﾠinstruments	 ﾠif	 ﾠprice	 ﾠ
elasticity	 ﾠof	 ﾠgasoline	 ﾠis	 ﾠhigh,	 ﾠand	 ﾠcompetition	 ﾠis	 ﾠimperfect.	 ﾠFuel	 ﾠproducers	 ﾠwould	 ﾠ
forward	 ﾠincreased	 ﾠprices	 ﾠto	 ﾠconsumers	 ﾠinstead	 ﾠof	 ﾠinvesting	 ﾠinto	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠ
infrastructures	 ﾠwhen	 ﾠthere	 ﾠis	 ﾠno	 ﾠcarbon	 ﾠintensity	 ﾠstandard.	 ﾠ	 ﾠ
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3. Regulating energy intensity 
Summary	 ﾠ	 ﾠChapter	 ﾠ3	 ﾠ
•  The	 ﾠmajor	 ﾠworld	 ﾠeconomies	 ﾠhave	 ﾠadopted	 ﾠambitious	 ﾠfuel	 ﾠefficiency	 ﾠ
standards	 ﾠfor	 ﾠthe	 ﾠtimeframe	 ﾠuntil	 ﾠ2015-ﾭ‐2020.	 ﾠ
•  Fuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠenvironmentally	 ﾠeffective,	 ﾠand	 ﾠeconomically	 ﾠ
efficient	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠclimate	 ﾠchange	 ﾠmitigation	 ﾠconditional	 ﾠon	 ﾠa	 ﾠsuitable	 ﾠ
mix	 ﾠwith	 ﾠother	 ﾠinstruments.	 ﾠ	 ﾠ
•  With	 ﾠincreasing	 ﾠshare	 ﾠof	 ﾠalternative	 ﾠvehicles,	 ﾠresponsibilities	 ﾠfor	 ﾠGHG	 ﾠ
emissions	 ﾠshift	 ﾠupstream	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠsupply	 ﾠchain,	 ﾠrequiring	 ﾠcomplementary	 ﾠ
instruments.	 ﾠ
•  If	 ﾠcarbon	 ﾠintensity	 ﾠis	 ﾠregulated	 ﾠupstream,	 ﾠthe	 ﾠcar	 ﾠfleet	 ﾠis	 ﾠproperly	 ﾠaddressed	 ﾠ
in	 ﾠterms	 ﾠof	 ﾠenergy	 ﾠefficiency	 ﾠor	 ﾠits	 ﾠvolume-ﾭ‐based	 ﾠequivalents.	 ﾠ
•  On	 ﾠthe	 ﾠconsumer	 ﾠside,	 ﾠinformative	 ﾠcolor-ﾭ‐labeling	 ﾠcan	 ﾠinduce	 ﾠpurchase	 ﾠof	 ﾠ
more	 ﾠfuel	 ﾠefficient	 ﾠvehicles.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ
3.1.  Existing	 ﾠstandards	 ﾠ
Fuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠmandated	 ﾠworld-ﾭ‐wide	 ﾠin	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠ
automobile	 ﾠmarkets	 ﾠin	 ﾠorder	 ﾠto	 ﾠa)	 ﾠfoster	 ﾠclimate	 ﾠchange	 ﾠmitigation	 ﾠand	 ﾠb)	 ﾠreduce	 ﾠoil	 ﾠ
dependency.	 ﾠFurthermore,	 ﾠin	 ﾠthe	 ﾠlight	 ﾠof	 ﾠtax	 ﾠand	 ﾠtrading	 ﾠinstruments	 ﾠas	 ﾠdiscussed	 ﾠin	 ﾠ
part	 ﾠII	 ﾠof	 ﾠthis	 ﾠreport,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠcan	 ﾠeffectively	 ﾠcomplement	 ﾠprice	 ﾠ
instruments	 ﾠthat	 ﾠare	 ﾠnot	 ﾠfully	 ﾠeffective	 ﾠdue	 ﾠto	 ﾠdynamic	 ﾠmarket	 ﾠfailures	 ﾠ(see	 ﾠalso	 ﾠ
Plotkin	 ﾠ2008).	 ﾠIn	 ﾠthe	 ﾠfollowing,	 ﾠan	 ﾠoverview	 ﾠover	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠin	 ﾠ
different	 ﾠworld	 ﾠregions	 ﾠis	 ﾠgiven.	 ﾠ
European	 ﾠUnion	 ﾠ
The	 ﾠEuropean	 ﾠUnion	 ﾠstarted	 ﾠwith	 ﾠa	 ﾠvoluntary	 ﾠagreement,	 ﾠsetting	 ﾠan	 ﾠindustry-ﾭ‐
wide	 ﾠtarget	 ﾠof	 ﾠ140gCO2/km	 ﾠto	 ﾠbe	 ﾠreached	 ﾠcollectively	 ﾠby	 ﾠmembers	 ﾠof	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ
European,	 ﾠJapanese	 ﾠand	 ﾠKorean	 ﾠcar	 ﾠmanufacturers	 ﾠassociations.	 ﾠIn	 ﾠ2009,	 ﾠas	 ﾠnot	 ﾠall	 ﾠ
individual	 ﾠmembers	 ﾠcould	 ﾠfulfill	 ﾠtheir	 ﾠcorresponding	 ﾠ25%	 ﾠreduction	 ﾠtarget,	 ﾠthe	 ﾠEU	 ﾠ
mandated	 ﾠa	 ﾠindustry	 ﾠfleet	 ﾠtarget	 ﾠof	 ﾠ130	 ﾠg	 ﾠCO2/km	 ﾠuntil	 ﾠ2015	 ﾠwith	 ﾠadditional	 ﾠ  24	 ﾠ
10gC02/km	 ﾠto	 ﾠbe	 ﾠachieved	 ﾠwith	 ﾠcomplimentary	 ﾠmeasures,	 ﾠsuch	 ﾠas	 ﾠefficient	 ﾠtires,	 ﾠair	 ﾠ
conditioning,	 ﾠtire	 ﾠpressure	 ﾠmonitoring,	 ﾠgear	 ﾠshift	 ﾠindicators	 ﾠ(EC	 ﾠ2009c).	 ﾠAs	 ﾠa	 ﾠweight-ﾭ‐
based	 ﾠaverage	 ﾠfleet	 ﾠstandard,	 ﾠthe	 ﾠmanufacturer’s	 ﾠindividual	 ﾠtarget	 ﾠdepends	 ﾠon	 ﾠits	 ﾠ
fleet	 ﾠcharacteristics	 ﾠand	 ﾠhas	 ﾠto	 ﾠbe	 ﾠfulfilled	 ﾠas	 ﾠa	 ﾠfleet	 ﾠaverage.	 ﾠThat	 ﾠmeans	 ﾠa	 ﾠ
manufacturer	 ﾠoffering	 ﾠsmaller	 ﾠcars	 ﾠhas	 ﾠto	 ﾠcomply	 ﾠwith	 ﾠa	 ﾠtarget	 ﾠbelow	 ﾠ130	 ﾠg/km,	 ﾠ
vice	 ﾠversa	 ﾠa	 ﾠmanufacturers	 ﾠfocusing	 ﾠon	 ﾠupper	 ﾠcar	 ﾠsegments	 ﾠhas	 ﾠto	 ﾠfulfill	 ﾠan	 ﾠoverall	 ﾠ
target	 ﾠabove	 ﾠ130	 ﾠg/km.	 ﾠBeyond	 ﾠthis,	 ﾠintermediate	 ﾠsteps	 ﾠfor	 ﾠthe	 ﾠyears	 ﾠ2012-ﾭ‐2015	 ﾠare	 ﾠ
also	 ﾠmandatory,	 ﾠe.g.	 ﾠ65%	 ﾠof	 ﾠthe	 ﾠfleets	 ﾠmust	 ﾠcomply	 ﾠwith	 ﾠthe	 ﾠ130gCO2/km	 ﾠtarget	 ﾠin	 ﾠ
2012.	 ﾠFor	 ﾠ2020,	 ﾠa	 ﾠlong-ﾭ‐term	 ﾠtarget	 ﾠof	 ﾠ95	 ﾠg/km	 ﾠis	 ﾠdefined.	 ﾠThe	 ﾠlatter	 ﾠwill	 ﾠbe	 ﾠreviewed	 ﾠ
in	 ﾠ2013.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠfoster	 ﾠthe	 ﾠdemand	 ﾠon	 ﾠfuel	 ﾠefficient	 ﾠvehicles	 ﾠ16	 ﾠof	 ﾠ27	 ﾠEU	 ﾠmember	 ﾠ
states	 ﾠhave	 ﾠCO2-ﾭ‐	 ﾠor	 ﾠfuel	 ﾠefficiency	 ﾠbased	 ﾠregistration	 ﾠand/or	 ﾠannual	 ﾠtaxation.	 ﾠ	 ﾠ
Japan	 ﾠ
Japan	 ﾠestablished	 ﾠmandatory	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠfor	 ﾠ2010	 ﾠand	 ﾠ2015	 ﾠfor	 ﾠ
gasoline	 ﾠand	 ﾠdiesel	 ﾠvehicles	 ﾠunder	 ﾠits	 ﾠTop	 ﾠRunner	 ﾠprogram	 ﾠ(An	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠAs	 ﾠin	 ﾠ
the	 ﾠEU,	 ﾠthe	 ﾠfuel	 ﾠeconomy	 ﾠtargets	 ﾠare	 ﾠfleet-ﾭ‐based	 ﾠand	 ﾠweight-ﾭ‐specific	 ﾠtargets.	 ﾠThe	 ﾠ
targets	 ﾠwere	 ﾠderived	 ﾠfrom	 ﾠthe	 ﾠbest	 ﾠperformance	 ﾠof	 ﾠcurrent	 ﾠmodels.	 ﾠ	 ﾠAdditionally,	 ﾠ
acquisition	 ﾠand	 ﾠannual	 ﾠtaxes	 ﾠare	 ﾠin	 ﾠplace.	 ﾠIn	 ﾠ2009,	 ﾠthe	 ﾠJapanese	 ﾠgovernment	 ﾠhas	 ﾠ
implemented	 ﾠa	 ﾠlimited	 ﾠtax	 ﾠincentive	 ﾠprogram	 ﾠfostering	 ﾠthe	 ﾠpurchase	 ﾠof	 ﾠlow	 ﾠemitting	 ﾠ
and	 ﾠfuel	 ﾠefficient	 ﾠvehicles.	 ﾠ	 ﾠ
China	 ﾠ
China	 ﾠimplemented	 ﾠa	 ﾠweight-ﾭ‐based	 ﾠfuel	 ﾠeconomy	 ﾠstandards	 ﾠto	 ﾠreduce	 ﾠoil	 ﾠ
dependency.	 ﾠStandards	 ﾠare	 ﾠspecific	 ﾠfor	 ﾠeach	 ﾠcar.	 ﾠCurrently	 ﾠan	 ﾠupdated	 ﾠfuel	 ﾠeconomy	 ﾠ
standard	 ﾠfor	 ﾠ2012/13	 ﾠis	 ﾠdiscussed	 ﾠwhich	 ﾠwould	 ﾠset	 ﾠfleet	 ﾠaverages	 ﾠfor	 ﾠeach	 ﾠcar	 ﾠ
manufacturer.	 ﾠ	 ﾠIn	 ﾠaddition,	 ﾠexcise	 ﾠand	 ﾠsales	 ﾠtaxes	 ﾠincentivize	 ﾠthe	 ﾠpurchase	 ﾠof	 ﾠ
smaller-ﾭ‐engine	 ﾠvehicles	 ﾠ(Bradsher	 ﾠ2009).	 ﾠCurrent	 ﾠstandards	 ﾠare	 ﾠrelatively	 ﾠ
ambitious.	 ﾠ	 ﾠ
United	 ﾠStates	 ﾠand	 ﾠCalifornia	 ﾠ
In	 ﾠa	 ﾠjoint	 ﾠrule	 ﾠmaking	 ﾠinitiated	 ﾠby	 ﾠthe	 ﾠObama	 ﾠadministration,	 ﾠthe	 ﾠNational	 ﾠ
Highway	 ﾠTraffic	 ﾠSafety	 ﾠAdministration	 ﾠ(NHTSA)	 ﾠand	 ﾠthe	 ﾠEnvironmental	 ﾠProtection	 ﾠ
Agency	 ﾠ(EPA)	 ﾠset	 ﾠan	 ﾠindustry	 ﾠaverage	 ﾠtarget	 ﾠof	 ﾠ250gCO2/mile	 ﾠ(35.5	 ﾠmpg)	 ﾠfor	 ﾠ
vehicles	 ﾠin	 ﾠ2016,	 ﾠcorresponding	 ﾠto	 ﾠthe	 ﾠCorporate	 ﾠAverage	 ﾠFuel	 ﾠEconomy	 ﾠ(CAFE)	 ﾠ
target.	 ﾠAs	 ﾠlaw	 ﾠmakers	 ﾠallow	 ﾠEPA	 ﾠmore	 ﾠflexibility	 ﾠin	 ﾠinstrument	 ﾠdesign,	 ﾠthe	 ﾠEPA	 ﾠ
regulation	 ﾠwill	 ﾠbe	 ﾠa	 ﾠlittle	 ﾠbit	 ﾠmore	 ﾠstringent	 ﾠthan	 ﾠthe	 ﾠanticipated	 ﾠCAFE	 ﾠstandard,	 ﾠi.e.	 ﾠ
by	 ﾠincentivizing	 ﾠ	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠefficiency	 ﾠimprovements	 ﾠin	 ﾠair	 ﾠconditioning	 ﾠ
systems	 ﾠ	 ﾠor	 ﾠ	 ﾠtaking	 ﾠinto	 ﾠaccount	 ﾠoff-ﾭ‐cycle	 ﾠimproving	 ﾠfuel	 ﾠefficiency	 ﾠtechnologies.	 ﾠThe	 ﾠ
fuel	 ﾠefficiency	 ﾠstandard	 ﾠis	 ﾠdifferentiated	 ﾠacross	 ﾠtwo	 ﾠdifferent	 ﾠvehicle	 ﾠclasses,	 ﾠwith	 ﾠ39	 ﾠ
mpg	 ﾠfor	 ﾠpassenger	 ﾠcars	 ﾠand	 ﾠ30	 ﾠmpg	 ﾠfor	 ﾠtrucks	 ﾠin	 ﾠ2016.	 ﾠCalifornia	 ﾠhas	 ﾠalready	 ﾠ
imposed	 ﾠrules	 ﾠon	 ﾠautomakers	 ﾠthat	 ﾠstarted	 ﾠin	 ﾠ2009	 ﾠ(Pavley	 ﾠI).	 ﾠThese	 ﾠregulations	 ﾠwill	 ﾠ
be	 ﾠharmonized	 ﾠwith	 ﾠfederal	 ﾠCAFE	 ﾠand	 ﾠGHG	 ﾠstandards	 ﾠfrom	 ﾠ2012	 ﾠonwards	 ﾠ(CARB	 ﾠ
2010a).	 ﾠ	 ﾠ
General	 ﾠobservations	 ﾠ	 ﾠ
The	 ﾠhistoric	 ﾠdevelopment	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠin	 ﾠdifferent	 ﾠworld	 ﾠ
regions	 ﾠis	 ﾠdisplayed	 ﾠin	 ﾠFigure	 ﾠ7.	 ﾠThis	 ﾠfigure	 ﾠis	 ﾠan	 ﾠupdate	 ﾠfrom	 ﾠ(An	 ﾠet	 ﾠal.	 ﾠ2007)	 ﾠwith	 ﾠ  25	 ﾠ
new	 ﾠand	 ﾠsignificant	 ﾠEU,	 ﾠUS,	 ﾠand	 ﾠChinese	 ﾠregulation.	 ﾠThe	 ﾠdata	 ﾠis	 ﾠdisplayed	 ﾠin	 ﾠMJ/km	 ﾠ–	 ﾠ
as	 ﾠa	 ﾠpossible	 ﾠmeasure	 ﾠof	 ﾠenergy	 ﾠefficiency.	 ﾠThis	 ﾠgraph	 ﾠdisplays	 ﾠabsolute	 ﾠfuel	 ﾠ
efficiency.	 ﾠBeside	 ﾠtechnology,	 ﾠthe	 ﾠvarying	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠcan	 ﾠbe	 ﾠexplained	 ﾠ
by	 ﾠdifferent	 ﾠfleet	 ﾠcharacteristics.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠUS	 ﾠfleet	 ﾠis	 ﾠheavily	 ﾠtilted	 ﾠtowards	 ﾠ
light	 ﾠtrucks	 ﾠand	 ﾠdiesel	 ﾠcars	 ﾠdo	 ﾠnot	 ﾠplay	 ﾠa	 ﾠmajor	 ﾠrole	 ﾠas	 ﾠin	 ﾠEurope.	 ﾠ	 ﾠ
	 ﾠ
 
The	 ﾠfollowing	 ﾠobservations	 ﾠemerge:	 ﾠ
•  Europe	 ﾠand	 ﾠJapan	 ﾠlead	 ﾠthe	 ﾠworld	 ﾠin	 ﾠterms	 ﾠof	 ﾠfuel	 ﾠefficiency.	 ﾠ	 ﾠ
•  The	 ﾠUS	 ﾠis	 ﾠstill	 ﾠa	 ﾠlaggard,	 ﾠbut	 ﾠmaking	 ﾠhuge	 ﾠprogress	 ﾠwith	 ﾠrecent	 ﾠCalifornian	 ﾠ
and	 ﾠfederal	 ﾠregulation,	 ﾠachieving	 ﾠthe	 ﾠgreatest	 ﾠabsolute	 ﾠemission	 ﾠreduction	 ﾠ
from	 ﾠany	 ﾠglobal	 ﾠpolicy	 ﾠ(An	 ﾠet	 ﾠal.	 ﾠ2007)	 ﾠ
•  For	 ﾠan	 ﾠemerging	 ﾠeconomy	 ﾠChina	 ﾠsets	 ﾠimpressive	 ﾠfuel	 ﾠefficiency	 ﾠstandards,	 ﾠ
which	 ﾠare	 ﾠmotivated	 ﾠby	 ﾠenergy	 ﾠsecurity	 ﾠconsiderations	 ﾠand	 ﾠstrategic	 ﾠworld-ﾭ‐
market	 ﾠpositioning.	 ﾠ
3.2.  Evaluation	 ﾠ
	 ﾠ Fuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠhere	 ﾠevaluated	 ﾠaccording	 ﾠto	 ﾠtheir	 ﾠeffectiveness	 ﾠ
and	 ﾠtheir	 ﾠefficiency.	 ﾠ	 ﾠ
Effectiveness.	 ﾠFuel	 ﾠefficiency	 ﾠcan	 ﾠbe	 ﾠeffective	 ﾠa)	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠreducing	 ﾠ
energy	 ﾠintensity	 ﾠand	 ﾠGHG	 ﾠemissions	 ﾠper	 ﾠcar	 ﾠand	 ﾠb)	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠabsolute	 ﾠ
 
Figure 7. Energy intensity standards in selected world regions. Adapted from An and Sauer 
(2007).   26	 ﾠ
reduction	 ﾠof	 ﾠGHG	 ﾠemissions.	 ﾠThe	 ﾠfirst	 ﾠgoal	 ﾠis	 ﾠgenerally	 ﾠfulfilled,	 ﾠor	 ﾠwill	 ﾠbe	 ﾠfulfilled,	 ﾠif	 ﾠ
fuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠcontrolled	 ﾠand	 ﾠenforceable,	 ﾠand	 ﾠpenalties	 ﾠfor	 ﾠnon-ﾭ‐
compliances	 ﾠare	 ﾠsufficiently	 ﾠexcruciating,	 ﾠi.e.,	 ﾠhigher	 ﾠthan	 ﾠthe	 ﾠcorresponding	 ﾠ
compliance	 ﾠcosts.	 ﾠThis	 ﾠis	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠOECD	 ﾠcountries,	 ﾠwhere	 ﾠnon-ﾭ‐compliance	 ﾠcosts	 ﾠ
outweigh	 ﾠabatement	 ﾠcosts.	 ﾠIn	 ﾠgeneral,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠeffective	 ﾠin	 ﾠ
increasing	 ﾠfuel	 ﾠefficiency	 ﾠand	 ﾠreducing	 ﾠGHG	 ﾠper	 ﾠcar.	 ﾠ	 ﾠ
	 ﾠ An	 ﾠintensity	 ﾠreduction	 ﾠin	 ﾠterms	 ﾠof	 ﾠlower	 ﾠCO2e/MJ	 ﾠis	 ﾠnot	 ﾠnecessarily	 ﾠ
equivalent	 ﾠto	 ﾠan	 ﾠabsolute	 ﾠreduction	 ﾠin	 ﾠGHG	 ﾠemissions.	 ﾠTwo	 ﾠdifferent	 ﾠso-ﾭ‐called	 ﾠ
rebound	 ﾠeffects	 ﾠcould	 ﾠcompromise	 ﾠthe	 ﾠdesired	 ﾠoutcome.	 ﾠFirst,	 ﾠcar	 ﾠdrivers	 ﾠcould	 ﾠuse	 ﾠ
the	 ﾠreduction	 ﾠin	 ﾠmarginal	 ﾠcost	 ﾠfrom	 ﾠlower	 ﾠfuel	 ﾠuse	 ﾠto	 ﾠincrease	 ﾠtotal	 ﾠtravel	 ﾠdistance.	 ﾠ
Based	 ﾠon	 ﾠa	 ﾠreview	 ﾠof	 ﾠ22	 ﾠstudies	 ﾠGreening	 ﾠet	 ﾠal.	 ﾠ(2000)	 ﾠsuggest	 ﾠa	 ﾠpotential	 ﾠsize	 ﾠof	 ﾠthe	 ﾠ
rebound	 ﾠeffect	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠbetween	 ﾠ10%-ﾭ‐30%,	 ﾠbut	 ﾠhighlight	 ﾠthe	 ﾠ
existence	 ﾠof	 ﾠunmeasured	 ﾠcomponents	 ﾠsuch	 ﾠas	 ﾠchanges	 ﾠin	 ﾠautomotive	 ﾠattributes	 ﾠ
related	 ﾠto	 ﾠshifts	 ﾠtowards	 ﾠincreases	 ﾠin	 ﾠweight	 ﾠ(partially	 ﾠdue	 ﾠto	 ﾠhigher	 ﾠsafety	 ﾠ
requirements),	 ﾠhorsepower	 ﾠand	 ﾠacceleration	 ﾠof	 ﾠcars	 ﾠpruchased.	 ﾠThe	 ﾠrebound	 ﾠeffect	 ﾠ
generally	 ﾠdecreases	 ﾠwith	 ﾠincome	 ﾠand	 ﾠincreases	 ﾠwith	 ﾠfuel	 ﾠcosts	 ﾠand	 ﾠlevel	 ﾠof	 ﾠ
congestion	 ﾠ(Small	 ﾠ&	 ﾠVan	 ﾠDender	 ﾠ2007;	 ﾠHymel	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠThe	 ﾠsharp	 ﾠrise	 ﾠin	 ﾠoil	 ﾠ
prices	 ﾠin	 ﾠ2008	 ﾠmight	 ﾠtherefore	 ﾠhave	 ﾠled	 ﾠto	 ﾠstronger	 ﾠrebound	 ﾠeffects	 ﾠthan	 ﾠpreviously	 ﾠ
observed,	 ﾠbut	 ﾠempirical	 ﾠevidence	 ﾠis	 ﾠcurrently	 ﾠstill	 ﾠmissing.	 ﾠHence,	 ﾠthis	 ﾠkind	 ﾠof	 ﾠ
rebound	 ﾠeffect	 ﾠis	 ﾠlow	 ﾠto	 ﾠmoderate	 ﾠin	 ﾠmagnitude	 ﾠand	 ﾠbecomes	 ﾠless	 ﾠsignificant	 ﾠwith	 ﾠ
rising	 ﾠreal	 ﾠincome.	 ﾠ	 ﾠ
	 ﾠ Second,	 ﾠmarket	 ﾠforces	 ﾠcould	 ﾠinduce	 ﾠa	 ﾠhigher	 ﾠadditional	 ﾠproduction	 ﾠof	 ﾠfuel	 ﾠ
efficient	 ﾠcars	 ﾠwithout	 ﾠinducing	 ﾠa	 ﾠsimultaneous	 ﾠreduction	 ﾠin	 ﾠgas	 ﾠguzzlers.	 ﾠTo	 ﾠour	 ﾠbest	 ﾠ
knowledge,	 ﾠthere	 ﾠis	 ﾠno	 ﾠquantitative	 ﾠstudy	 ﾠon	 ﾠthis	 ﾠeffect.	 ﾠIn	 ﾠfact,	 ﾠfor	 ﾠquantitative	 ﾠ
evaluation,	 ﾠone	 ﾠwould	 ﾠneed	 ﾠto	 ﾠhave	 ﾠaccess	 ﾠto	 ﾠpricing	 ﾠstrategies	 ﾠof	 ﾠcar	 ﾠ
manufacturers.	 ﾠ	 ﾠ
	 ﾠ In	 ﾠspite	 ﾠof	 ﾠmoderate	 ﾠrebound	 ﾠeffects,	 ﾠtotal	 ﾠexpected	 ﾠGHG	 ﾠabatement	 ﾠby	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠis	 ﾠsignificant	 ﾠand	 ﾠmay	 ﾠbe	 ﾠthe	 ﾠsingle	 ﾠmost	 ﾠeffective	 ﾠclimate	 ﾠpolicy	 ﾠ
in	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠ(for	 ﾠquantitative	 ﾠevaluation	 ﾠsee	 ﾠchapter	 ﾠ6.4	 ﾠof	 ﾠthis	 ﾠreport).	 ﾠ
	 ﾠ Efficiency.	 ﾠAnother	 ﾠkey	 ﾠquestion	 ﾠdeals	 ﾠwith	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠ
standard.	 ﾠThis	 ﾠcan	 ﾠbe	 ﾠsplit	 ﾠup	 ﾠinto	 ﾠtwo	 ﾠquestions.	 ﾠ1)	 ﾠIs	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠtotal	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠinduced	 ﾠabatement	 ﾠoptions	 ﾠtoo	 ﾠlow,	 ﾠmore	 ﾠor	 ﾠless	 ﾠappropriate,	 ﾠ
or	 ﾠtoo	 ﾠmuch	 ﾠwith	 ﾠregard	 ﾠto	 ﾠoverall	 ﾠwelfare?	 ﾠ2)	 ﾠIs	 ﾠthis	 ﾠthe	 ﾠmost	 ﾠcost	 ﾠeffective	 ﾠstrategy	 ﾠ
to	 ﾠmitigate	 ﾠGHG	 ﾠemissions?	 ﾠ
	 ﾠ From	 ﾠa	 ﾠperspective	 ﾠof	 ﾠthe	 ﾠeconomics	 ﾠof	 ﾠclimate	 ﾠchange,	 ﾠan	 ﾠoverall	 ﾠreduction	 ﾠ
of	 ﾠGHG	 ﾠemissions	 ﾠof	 ﾠabout	 ﾠ80%	 ﾠuntil	 ﾠ2050	 ﾠis	 ﾠcost	 ﾠefficient	 ﾠ(Stern	 ﾠet	 ﾠal.	 ﾠ2007,	 ﾠ
Edenhofer	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠFor	 ﾠthe	 ﾠEU,	 ﾠthis	 ﾠimplies	 ﾠ30-ﾭ‐40%	 ﾠreduction	 ﾠtill	 ﾠ2020,	 ﾠi.e.	 ﾠmore	 ﾠ
then	 ﾠthe	 ﾠcurrently	 ﾠenvisaged	 ﾠ20%	 ﾠreduction.	 ﾠAccording	 ﾠto	 ﾠcurrent	 ﾠEU	 ﾠregulation,	 ﾠthe	 ﾠ
transport	 ﾠsector	 ﾠwill	 ﾠreduce	 ﾠits	 ﾠGHG	 ﾠemissions	 ﾠby	 ﾠ7%	 ﾠuntil	 ﾠ2020	 ﾠ–	 ﾠand	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠare	 ﾠexpected	 ﾠto	 ﾠcontribute	 ﾠmost.	 ﾠHence,	 ﾠfuel	 ﾠefficiency	 ﾠ
standards	 ﾠcertainly	 ﾠdo	 ﾠnot	 ﾠinduce	 ﾠGHG	 ﾠemission	 ﾠreduction	 ﾠthat	 ﾠare	 ﾠbeyond	 ﾠthe	 ﾠ
societal	 ﾠoptimum.	 ﾠThe	 ﾠquestion	 ﾠremains	 ﾠwhether	 ﾠthere	 ﾠare	 ﾠmore	 ﾠcost	 ﾠefficient	 ﾠ  27	 ﾠ
options.	 ﾠAccording	 ﾠto	 ﾠthe	 ﾠMcKinsey	 ﾠcost	 ﾠcurves	 ﾠand	 ﾠDelft,	 ﾠ65-ﾭ‐80%	 ﾠof	 ﾠabatement	 ﾠ
options	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠbelow	 ﾠ100€/tCO2e	 ﾠare	 ﾠautomobile	 ﾠtechnologies	 ﾠ
and,	 ﾠhence,	 ﾠcan	 ﾠbe	 ﾠaddressed	 ﾠwith	 ﾠfuel	 ﾠefficiency	 ﾠstandards.	 ﾠThe	 ﾠremaining	 ﾠoptions	 ﾠ
are	 ﾠdifferent	 ﾠkinds	 ﾠof	 ﾠbiofuels.	 ﾠHence,	 ﾠfrom	 ﾠthis	 ﾠcost	 ﾠcurve	 ﾠperspective	 ﾠfuel	 ﾠefficiency	 ﾠ
standards	 ﾠare	 ﾠcost-ﾭ‐effective	 ﾠif	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠlow-ﾭ‐carbon	 ﾠbiofuels	 ﾠis	 ﾠ
simultaneously	 ﾠaddressed	 ﾠby	 ﾠpolicies	 ﾠ–	 ﾠwhich	 ﾠis	 ﾠthe	 ﾠcase	 ﾠin	 ﾠmost	 ﾠworld	 ﾠregions.	 ﾠThe	 ﾠ
details	 ﾠof	 ﾠpolicies	 ﾠthat	 ﾠaddress	 ﾠthe	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠfuels	 ﾠis	 ﾠgiven	 ﾠin	 ﾠChapter	 ﾠ4.	 ﾠA	 ﾠ
comprehensive	 ﾠperspective	 ﾠon	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠis	 ﾠgiven	 ﾠin	 ﾠChapter	 ﾠ
6.3.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ Finally,	 ﾠwhat	 ﾠspecific	 ﾠdesign	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠis	 ﾠmost	 ﾠefficient?	 ﾠFor	 ﾠ
example,	 ﾠsome	 ﾠworld	 ﾠregions	 ﾠhave	 ﾠfleet	 ﾠaverage	 ﾠrequirements	 ﾠ(e.g.,	 ﾠEU)	 ﾠwhereas	 ﾠ
other	 ﾠworld	 ﾠregions	 ﾠhave	 ﾠtargets	 ﾠfor	 ﾠeach	 ﾠcar	 ﾠof	 ﾠa	 ﾠspecific	 ﾠweight	 ﾠclass	 ﾠ(e.g.,	 ﾠChina).	 ﾠ
Given	 ﾠthe	 ﾠsame	 ﾠlevel	 ﾠof	 ﾠoverall	 ﾠambition,	 ﾠthe	 ﾠfirst	 ﾠrule	 ﾠis	 ﾠestimated	 ﾠto	 ﾠbe	 ﾠmore	 ﾠcost-ﾭ‐
efficient,	 ﾠas	 ﾠit	 ﾠgives	 ﾠflexibility	 ﾠto	 ﾠcar	 ﾠmanufacturers	 ﾠin	 ﾠdetermining	 ﾠwhere	 ﾠto	 ﾠinvest	 ﾠ
into	 ﾠfuel	 ﾠefficiency.	 ﾠ	 ﾠ
	 ﾠ In	 ﾠsummary,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠan	 ﾠeffective	 ﾠand	 ﾠefficient	 ﾠpolicy	 ﾠ
instrument	 ﾠto	 ﾠreduce	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠ–	 ﾠif	 ﾠaccompanied	 ﾠ
with	 ﾠpolicy	 ﾠinstruments	 ﾠthat	 ﾠalso	 ﾠaddress	 ﾠother	 ﾠactors.	 ﾠIn	 ﾠparticular,	 ﾠfuel	 ﾠefficiency	 ﾠ
standards	 ﾠsufficiently	 ﾠaddress	 ﾠthe	 ﾠresponsibility	 ﾠof	 ﾠcar	 ﾠmanufacturers.	 ﾠEmissions	 ﾠ
that	 ﾠare	 ﾠoutside	 ﾠof	 ﾠthe	 ﾠcontrol	 ﾠof	 ﾠcar	 ﾠmanufacturers,	 ﾠsuch	 ﾠas	 ﾠthose	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠCO2	 ﾠ
intensity	 ﾠof	 ﾠfuels,	 ﾠmust	 ﾠbe	 ﾠaddressed	 ﾠat	 ﾠthe	 ﾠappropriate	 ﾠlevel,	 ﾠe.g.	 ﾠat	 ﾠfuel	 ﾠproducers	 ﾠ
or	 ﾠsuppliers.	 ﾠFor	 ﾠexample,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠcan	 ﾠaddress	 ﾠthe	 ﾠenergy	 ﾠ
efficiency	 ﾠof	 ﾠbattery	 ﾠelectric	 ﾠcars	 ﾠ(BEVs).	 ﾠThe	 ﾠCO2	 ﾠintensity	 ﾠof	 ﾠthe	 ﾠelectricity	 ﾠ
delivered	 ﾠmust	 ﾠthen	 ﾠbe	 ﾠregulated	 ﾠat	 ﾠthe	 ﾠutility.	 ﾠ	 ﾠ
Region  Target  Unit  Structure  Test 
EU  CO2 emissions  gCO2/km  weight-based fleet 
standard regression) 
NEDC 




US  Fuel economy 




fleet standards for 
cars/ light trucks 
FTP 75  




China  Fuel economy  l/100km  Weight-based fleet 
standard 
NEDC 
Table 1: Overview on fuel efficiency standards in some world regions. 
3.3.  Unit	 ﾠchoice	 ﾠ
	 ﾠ In	 ﾠthe	 ﾠlight	 ﾠof	 ﾠthe	 ﾠdiscussion	 ﾠin	 ﾠChapter	 ﾠ2	 ﾠand	 ﾠof	 ﾠthe	 ﾠoverview	 ﾠon	 ﾠexisting	 ﾠ
standards,	 ﾠwhat	 ﾠis	 ﾠthe	 ﾠappropriate	 ﾠunit	 ﾠto	 ﾠevaluate	 ﾠthe	 ﾠenvironmental	 ﾠ(climate	 ﾠ  28	 ﾠ
change)	 ﾠperformance	 ﾠof	 ﾠautomobiles?	 ﾠVehicle	 ﾠfuel	 ﾠeconomy	 ﾠstandards	 ﾠmandate	 ﾠa	 ﾠ
certain	 ﾠfuel	 ﾠuse	 ﾠfor	 ﾠsome	 ﾠfixed	 ﾠdistance	 ﾠtraveled	 ﾠ(e.g.	 ﾠlitres/100km),	 ﾠor	 ﾠits	 ﾠinverse	 ﾠ
(e.g.	 ﾠmiles	 ﾠper	 ﾠgallon).	 ﾠThe	 ﾠEU	 ﾠexplicitly	 ﾠsets	 ﾠCO2	 ﾠemissions	 ﾠstandards	 ﾠin	 ﾠgCO2/km.	 ﾠ
The	 ﾠCalifornian	 ﾠstandard	 ﾠgoes	 ﾠbeyond	 ﾠCO2	 ﾠand	 ﾠregulates	 ﾠall	 ﾠGHG,	 ﾠincluding	 ﾠfor	 ﾠ
example,	 ﾠnitrous	 ﾠoxides,	 ﾠmeasuring	 ﾠgCO2e/mile.	 ﾠHere,	 ﾠgCO2e	 ﾠis	 ﾠa	 ﾠshorthand	 ﾠfor	 ﾠall	 ﾠ
GHG	 ﾠconverted	 ﾠto	 ﾠCO2	 ﾠequivalent	 ﾠunits.	 ﾠAn	 ﾠoverview	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠin	 ﾠ
different	 ﾠworld	 ﾠregions	 ﾠis	 ﾠgiven	 ﾠin	 ﾠTable	 ﾠ1.	 ﾠWhen	 ﾠthe	 ﾠGHG	 ﾠcontent	 ﾠof	 ﾠfuel	 ﾠis	 ﾠknown	 ﾠ
and	 ﾠconstant	 ﾠ–	 ﾠas	 ﾠis	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠthe	 ﾠcurrent	 ﾠfuel	 ﾠmix	 ﾠ(gasoline	 ﾠand	 ﾠdiesel)	 ﾠ–	 ﾠthen	 ﾠ
vehicle	 ﾠeconomy	 ﾠstandards	 ﾠcan	 ﾠeasily	 ﾠbe	 ﾠtranslated	 ﾠinto	 ﾠCO2	 ﾠemission	 ﾠstandards,	 ﾠ
since	 ﾠfuel	 ﾠuse	 ﾠdirectly	 ﾠcorresponds	 ﾠto	 ﾠemissions.	 ﾠThis	 ﾠcan	 ﾠbe	 ﾠmore	 ﾠchallenging	 ﾠfor	 ﾠ
other	 ﾠfuels,	 ﾠe.g.	 ﾠbiofuels	 ﾠor	 ﾠelectricity,	 ﾠwhere	 ﾠthe	 ﾠGHG	 ﾠcontent	 ﾠis	 ﾠhighly	 ﾠdependent	 ﾠon	 ﾠ
the	 ﾠfuel	 ﾠproduction	 ﾠprocess.	 ﾠHow	 ﾠreasonable	 ﾠare	 ﾠeach	 ﾠof	 ﾠthe	 ﾠunits?	 ﾠRelevant	 ﾠcriteria	 ﾠ
are	 ﾠa)	 ﾠscope,	 ﾠ	 ﾠb)	 ﾠadequacy,	 ﾠand	 ﾠc)	 ﾠperception.	 ﾠEach	 ﾠis	 ﾠexplained	 ﾠin	 ﾠturn.	 ﾠ	 ﾠ
Scope.	 ﾠMeasures	 ﾠbased	 ﾠon	 ﾠliter	 ﾠor	 ﾠgallons	 ﾠof	 ﾠfuel	 ﾠrequired	 ﾠare	 ﾠlimited	 ﾠin	 ﾠ
scope	 ﾠbecause	 ﾠthey	 ﾠdo	 ﾠnot	 ﾠexplicitly	 ﾠtake	 ﾠalternative	 ﾠfuels	 ﾠsuch	 ﾠas	 ﾠelectric	 ﾠvehicles	 ﾠ
or	 ﾠfuel	 ﾠcell	 ﾠvehicles	 ﾠinto	 ﾠaccount.	 ﾠCurrently,	 ﾠthis	 ﾠis	 ﾠarguably	 ﾠirrelevant.	 ﾠHowever,	 ﾠ
with	 ﾠgovernments	 ﾠworld-ﾭ‐wide	 ﾠpushing	 ﾠfor	 ﾠsignificant	 ﾠmarket	 ﾠpenetration	 ﾠof	 ﾠelectric	 ﾠ
cars,	 ﾠvolume	 ﾠbased	 ﾠmeasures	 ﾠbecome	 ﾠclearly	 ﾠoutdated.	 ﾠGHG	 ﾠmeasures	 ﾠfulfill	 ﾠthe	 ﾠ
requirement	 ﾠof	 ﾠscope	 ﾠin	 ﾠso	 ﾠfar	 ﾠas	 ﾠthey	 ﾠin	 ﾠprinciple	 ﾠcover	 ﾠall	 ﾠcars	 ﾠon	 ﾠan	 ﾠequal	 ﾠ
accounting	 ﾠbase.	 ﾠThe	 ﾠCalifornian	 ﾠmeasure	 ﾠgoes	 ﾠbeyond	 ﾠthe	 ﾠEU	 ﾠmeasure	 ﾠin	 ﾠso	 ﾠfar	 ﾠas	 ﾠ
non-ﾭ‐CO2	 ﾠGHG	 ﾠemissions,	 ﾠsuch	 ﾠas	 ﾠnitrous	 ﾠoxides,	 ﾠare	 ﾠalso	 ﾠaccounted	 ﾠfor.	 ﾠEnergy-ﾭ‐
intensity	 ﾠbased	 ﾠfuel	 ﾠefficiency	 ﾠstandards,	 ﾠsuch	 ﾠas	 ﾠmeasures	 ﾠin	 ﾠMJ/km,	 ﾠwould	 ﾠhave	 ﾠ
sufficient	 ﾠscope.	 ﾠA	 ﾠconversion	 ﾠof	 ﾠMJ	 ﾠelectricity	 ﾠinto	 ﾠa	 ﾠequivalent	 ﾠvolume	 ﾠbased	 ﾠ
measures	 ﾠis	 ﾠalso	 ﾠpossible	 ﾠand	 ﾠunder	 ﾠdiscussion.	 ﾠThis	 ﾠwould	 ﾠallow	 ﾠa	 ﾠsmooth	 ﾠ
continuation	 ﾠof	 ﾠexisting	 ﾠstandards	 ﾠ–	 ﾠthat	 ﾠwere	 ﾠimplicitly	 ﾠbased	 ﾠon	 ﾠenergy-ﾭ‐intensity.	 ﾠ
Adequacy.	 ﾠAdequacy	 ﾠin	 ﾠthis	 ﾠcontext	 ﾠrefers	 ﾠto	 ﾠthe	 ﾠquestion	 ﾠhow	 ﾠappropriate	 ﾠ
the	 ﾠmeasure	 ﾠis	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠincentivizing	 ﾠfuel	 ﾠefficiency	 ﾠmeasures	 ﾠof	 ﾠcar	 ﾠ
manufacturers	 ﾠand	 ﾠsimultaneously	 ﾠbeing	 ﾠaccurate.	 ﾠFrom	 ﾠthis	 ﾠperspective	 ﾠgC02e/km	 ﾠ
measures	 ﾠare	 ﾠin	 ﾠthe	 ﾠmedium-ﾭ‐to-ﾭ‐long	 ﾠrun	 ﾠinadequate,	 ﾠbecause	 ﾠcar	 ﾠmanufacturers	 ﾠ
cannot	 ﾠinfluence	 ﾠthe	 ﾠelectricity	 ﾠmix	 ﾠwhich	 ﾠpowers	 ﾠelectric	 ﾠcars.	 ﾠAlso,	 ﾠgCO2e/km	 ﾠ
changes	 ﾠwith	 ﾠconsumer	 ﾠdecisions.	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠsome	 ﾠcountries	 ﾠconsumers	 ﾠcan	 ﾠ
chose	 ﾠproviders	 ﾠthat	 ﾠexclusively	 ﾠsell	 ﾠelectricity	 ﾠfrom	 ﾠrenewable	 ﾠsources,	 ﾠwhereas	 ﾠ
the	 ﾠaverage	 ﾠmix	 ﾠcan	 ﾠbe	 ﾠheavily	 ﾠdependent	 ﾠon	 ﾠcoal.	 ﾠ	 ﾠ
With	 ﾠincreasing	 ﾠshares	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠand	 ﾠa	 ﾠcorresponding	 ﾠshift	 ﾠfor	 ﾠend-ﾭ‐
of-ﾭ‐pipe	 ﾠto	 ﾠupstream	 ﾠemissions	 ﾠ(chapter	 ﾠ2),	 ﾠcar	 ﾠmanufacturers’	 ﾠperformance	 ﾠis	 ﾠbest	 ﾠ
not	 ﾠevaluated	 ﾠin	 ﾠterms	 ﾠof	 ﾠlife	 ﾠcycle	 ﾠemissions	 ﾠbut	 ﾠin	 ﾠmetrics	 ﾠthat	 ﾠreflect	 ﾠtanks-ﾭ‐to-ﾭ‐
wheel	 ﾠefficiency.	 ﾠSpecifically,	 ﾠthe	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency	 ﾠof	 ﾠalternative	 ﾠvehicles	 ﾠcan	 ﾠ
in	 ﾠthe	 ﾠshort-ﾭ‐to-ﾭ‐mid	 ﾠterm	 ﾠbe	 ﾠconverted	 ﾠto	 ﾠestablished	 ﾠunits	 ﾠof	 ﾠfuel	 ﾠconsumption.	 ﾠFor	 ﾠ
example,	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠBEVs	 ﾠor	 ﾠPHEVs	 ﾠas	 ﾠmeasured	 ﾠin	 ﾠkWh	 ﾠor	 ﾠMJ	 ﾠper	 ﾠkm	 ﾠor	 ﾠ
per	 ﾠmile	 ﾠwould	 ﾠbe	 ﾠtranslated	 ﾠin	 ﾠl/km	 ﾠor	 ﾠmpg	 ﾠbased	 ﾠon	 ﾠthe	 ﾠMJ	 ﾠcontent	 ﾠof	 ﾠone	 ﾠliter	 ﾠor	 ﾠ
gallon	 ﾠof	 ﾠgasoline.2	 ﾠIn	 ﾠthe	 ﾠlong	 ﾠrun,	 ﾠand	 ﾠwith	 ﾠsignificant	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠalternative	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
2	 ﾠPeople	 ﾠfalsely	 ﾠbelieve	 ﾠthat	 ﾠthe	 ﾠamount	 ﾠof	 ﾠgas	 ﾠconsumed	 ﾠby	 ﾠan	 ﾠautomobile	 ﾠdecreases	 ﾠas	 ﾠa	 ﾠlinear	 ﾠ
function	 ﾠof	 ﾠthe	 ﾠcar’s	 ﾠmpg,	 ﾠwhen	 ﾠin	 ﾠfact,	 ﾠthe	 ﾠrelationship	 ﾠis	 ﾠcurvilinear	 ﾠ(Larrick	 ﾠand	 ﾠSoll	 ﾠ2008).	 ﾠ	 ﾠAs	 ﾠa	 ﾠ  29	 ﾠ
vehicles	 ﾠa	 ﾠconversion	 ﾠto	 ﾠenergy-ﾭ‐based	 ﾠmetrics,	 ﾠsuch	 ﾠas	 ﾠMJ/km	 ﾠis	 ﾠappropriate.	 ﾠSuch	 ﾠ
measures	 ﾠwould	 ﾠcorrectly	 ﾠaddress	 ﾠthe	 ﾠcar	 ﾠmanufacturers’	 ﾠperformance	 ﾠand	 ﾠcan	 ﾠbe	 ﾠ
in	 ﾠthe	 ﾠlong	 ﾠterm	 ﾠcommon	 ﾠdenominator	 ﾠfor	 ﾠan	 ﾠefficiency	 ﾠstandard	 ﾠfor	 ﾠdifferently	 ﾠ
fueled	 ﾠcars	 ﾠ–	 ﾠboth	 ﾠfossil	 ﾠand	 ﾠalternative	 ﾠfueled	 ﾠcars.	 ﾠ	 ﾠ
Box	 ﾠI:	 ﾠParvley	 ﾠI	 ﾠ
The	 ﾠCalifornian	 ﾠregulation	 ﾠfrom	 ﾠ2004	 ﾠprovides	 ﾠan	 ﾠinteresting	 ﾠcase	 ﾠstudy.	 ﾠCalifornia	 ﾠ
is	 ﾠthe	 ﾠmost	 ﾠadvanced	 ﾠworld	 ﾠregion	 ﾠin	 ﾠregulating	 ﾠand	 ﾠincentivizing	 ﾠtransport	 ﾠwith	 ﾠ
respect	 ﾠto	 ﾠclimate	 ﾠchange.	 ﾠCalifornia	 ﾠis	 ﾠpushing	 ﾠforward	 ﾠa)	 ﾠemission	 ﾠtrading,	 ﾠ
including	 ﾠthe	 ﾠtransport	 ﾠsector,	 ﾠb)	 ﾠa	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandard	 ﾠand	 ﾠc)	 ﾠGHG	 ﾠregulation	 ﾠ
for	 ﾠvehicles.	 ﾠThe	 ﾠlatter	 ﾠis	 ﾠshortly	 ﾠreviewed	 ﾠin	 ﾠchapter	 ﾠ3.1.	 ﾠVehicle	 ﾠperformance	 ﾠis	 ﾠ
measured	 ﾠin	 ﾠgCO2/mile.	 ﾠAs	 ﾠindicated	 ﾠin	 ﾠthe	 ﾠtable	 ﾠbelow,	 ﾠthis	 ﾠmeasure	 ﾠperforms	 ﾠwell	 ﾠ
in	 ﾠterms	 ﾠof	 ﾠperception	 ﾠand	 ﾠscope,	 ﾠbut	 ﾠis	 ﾠnot	 ﾠadequate.	 ﾠIn	 ﾠparticular,	 ﾠcar	 ﾠ
manufacturers	 ﾠare	 ﾠresponsible	 ﾠfor	 ﾠupstream	 ﾠemissions	 ﾠwith	 ﾠdefault	 ﾠvalues	 ﾠof	 ﾠ
130gCO2/mile	 ﾠfor	 ﾠelectric	 ﾠcars,	 ﾠ290gCO2/mile	 ﾠfor	 ﾠH2	 ﾠICE	 ﾠcars,	 ﾠand	 ﾠ210gCO2/mile	 ﾠfor	 ﾠ
H2	 ﾠfuel	 ﾠcell	 ﾠcars.	 ﾠThe	 ﾠburden	 ﾠof	 ﾠproof	 ﾠof	 ﾠlower	 ﾠemissions	 ﾠby,	 ﾠe.g.	 ﾠa	 ﾠmore	 ﾠrenewable	 ﾠ
electricity	 ﾠmix,	 ﾠsides	 ﾠwith	 ﾠthe	 ﾠcar	 ﾠmanufacturers.	 ﾠAlso,	 ﾠdefault	 ﾠvalues	 ﾠprovide	 ﾠno	 ﾠ
incentive	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠelectric	 ﾠvehicles.	 ﾠFor	 ﾠthe	 ﾠnext	 ﾠperiod,	 ﾠstarting	 ﾠ
in	 ﾠ2012,	 ﾠCalifornia	 ﾠshould	 ﾠconvert	 ﾠto	 ﾠan	 ﾠenergy	 ﾠintensity	 ﾠstandard	 ﾠand	 ﾠharmonize	 ﾠ
regulation	 ﾠwith	 ﾠthe	 ﾠfederal	 ﾠstandard.	 ﾠ	 ﾠThe	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠelectricity	 ﾠis	 ﾠbetter	 ﾠ
regulated	 ﾠfurther	 ﾠupstream.	 ﾠ
	 ﾠ 	 ﾠ
	 ﾠ In	 ﾠsummary,	 ﾠa	 ﾠnumber	 ﾠof	 ﾠconsiderations	 ﾠfavor	 ﾠan	 ﾠevaluation	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠ
in	 ﾠterms	 ﾠof	 ﾠenergy	 ﾠintensity,	 ﾠmeasured	 ﾠin	 ﾠestablished	 ﾠunits	 ﾠof	 ﾠfuel	 ﾠconsumption,	 ﾠand	 ﾠ
–	 ﾠin	 ﾠthe	 ﾠlong	 ﾠrun	 ﾠ-ﾭ‐	 ﾠin	 ﾠMJ/km,	 ﾠproviding	 ﾠa	 ﾠlevel-ﾭ‐playing	 ﾠfield	 ﾠacross	 ﾠdifferent	 ﾠkinds	 ﾠof	 ﾠ
cars.	 ﾠThis	 ﾠis,	 ﾠhowever,	 ﾠonly	 ﾠtruly	 ﾠeffective,	 ﾠif	 ﾠGHG	 ﾠemissions	 ﾠare	 ﾠregulated	 ﾠacross	 ﾠall	 ﾠ
fuels	 ﾠupstream	 ﾠ–	 ﾠto	 ﾠalso	 ﾠprovide	 ﾠa	 ﾠplaying	 ﾠlevel	 ﾠfield	 ﾠfor	 ﾠthe	 ﾠcarbon	 ﾠcontent.	 ﾠAs	 ﾠlong	 ﾠ
as	 ﾠthis	 ﾠis	 ﾠnot	 ﾠthe	 ﾠcase,	 ﾠthe	 ﾠcurrent	 ﾠEU	 ﾠand	 ﾠCalifornian	 ﾠGHG	 ﾠmeasures	 ﾠshould	 ﾠstay	 ﾠin	 ﾠ
place,	 ﾠas	 ﾠthey	 ﾠprovide	 ﾠa	 ﾠlevel-ﾭ‐playing	 ﾠfield	 ﾠfor	 ﾠthe	 ﾠcurrently	 ﾠdominating	 ﾠgasoline	 ﾠand	 ﾠ
diesel	 ﾠfuels	 ﾠand	 ﾠvehicles.	 ﾠAs	 ﾠlong	 ﾠas	 ﾠcar	 ﾠperformance	 ﾠis	 ﾠmeasured	 ﾠin	 ﾠterms	 ﾠof	 ﾠ
gCO2e/km,	 ﾠBEVs	 ﾠand	 ﾠthe	 ﾠrelevant	 ﾠcontribution	 ﾠof	 ﾠPHEVs	 ﾠcan	 ﾠbe	 ﾠconsidered	 ﾠas	 ﾠ0	 ﾠ
gCO2e/km	 ﾠ–	 ﾠthe	 ﾠCO2	 ﾠemissions	 ﾠrelated	 ﾠto	 ﾠelectric	 ﾠcars	 ﾠmust	 ﾠbe	 ﾠaddressed	 ﾠupstream	 ﾠ
where	 ﾠthey	 ﾠcan	 ﾠbe	 ﾠcontrolled,	 ﾠi.e.	 ﾠat	 ﾠthe	 ﾠutility	 ﾠlevel.	 ﾠIn	 ﾠthe	 ﾠmedium	 ﾠrun,	 ﾠand	 ﾠin	 ﾠthe	 ﾠ
light	 ﾠof	 ﾠever-ﾭ‐more	 ﾠdiversifying	 ﾠfuel	 ﾠsupply	 ﾠchains	 ﾠfor	 ﾠall	 ﾠkind	 ﾠof	 ﾠvehicles,	 ﾠcar	 ﾠ
manufacturers	 ﾠshould	 ﾠbe	 ﾠcoherently	 ﾠevaluated	 ﾠin	 ﾠterms	 ﾠof	 ﾠenergy	 ﾠintensity	 ﾠ–	 ﾠthe	 ﾠ
factor	 ﾠthey	 ﾠcan	 ﾠcontrol	 ﾠ–	 ﾠand	 ﾠcease	 ﾠto	 ﾠbe	 ﾠevaluated	 ﾠin	 ﾠterms	 ﾠof	 ﾠcarbon	 ﾠintensity,	 ﾠ
better	 ﾠaddressed	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠfuel	 ﾠsuppliers.	 ﾠ	 ﾠ
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 ﾠ	 ﾠ	 ﾠ
result,	 ﾠpeople	 ﾠunderestimate	 ﾠfuel	 ﾠsavings	 ﾠstarting	 ﾠfrom	 ﾠa	 ﾠlow	 ﾠbaseline	 ﾠand	 ﾠoverestimate	 ﾠfuel	 ﾠsavings	 ﾠ
starting	 ﾠfrom	 ﾠa	 ﾠhigh	 ﾠbaseline.	 ﾠHence,	 ﾠfor	 ﾠthe	 ﾠpurpose	 ﾠof	 ﾠpurchase	 ﾠdecisions,	 ﾠthe	 ﾠUS	 ﾠmpg	 ﾠvalues	 ﾠand	 ﾠ
the	 ﾠJapanese	 ﾠkm/l	 ﾠvalues	 ﾠshould	 ﾠbe	 ﾠsubstituted	 ﾠby	 ﾠmeasures	 ﾠof	 ﾠfuel	 ﾠper	 ﾠdistance,	 ﾠe.g.,	 ﾠgallons	 ﾠper	 ﾠ
10,000	 ﾠmiles,	 ﾠroughly	 ﾠcorresponding	 ﾠto	 ﾠannual	 ﾠdistance	 ﾠtraveled.	 ﾠ	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3.4.  Labelling	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ 	 ﾠ
	 ﾠ
	 ﾠ Fuel	 ﾠefficiency	 ﾠstandards	 ﾠaddress	 ﾠcar	 ﾠmanufacturer.	 ﾠHowever,	 ﾠthey	 ﾠ
potentially	 ﾠcan	 ﾠalso	 ﾠinform	 ﾠenvironmentally	 ﾠconscious	 ﾠpeople,	 ﾠor	 ﾠthose	 ﾠwho	 ﾠsimply	 ﾠ
want	 ﾠto	 ﾠsave	 ﾠfuel,	 ﾠon	 ﾠthe	 ﾠcars	 ﾠperformance	 ﾠupon	 ﾠpurchase.	 ﾠ	 ﾠIn	 ﾠfact,	 ﾠmarkets	 ﾠwork	 ﾠ
better,	 ﾠin	 ﾠgeneral,	 ﾠwhen	 ﾠparticipants	 ﾠhave	 ﾠcomplete	 ﾠinformation	 ﾠabout	 ﾠthe	 ﾠ
consequences	 ﾠof	 ﾠtheir	 ﾠpurchase	 ﾠdecisions.	 ﾠLabelling	 ﾠis	 ﾠan	 ﾠimportant	 ﾠinstrument	 ﾠthat	 ﾠ
provides	 ﾠinformation	 ﾠon	 ﾠfuel	 ﾠeconomy	 ﾠand	 ﾠCO2	 ﾠemissions	 ﾠand	 ﾠmay	 ﾠlead	 ﾠto	 ﾠhigher	 ﾠ
consumer	 ﾠawareness.	 ﾠIn	 ﾠEurope,	 ﾠfor	 ﾠinstance,	 ﾠDirective	 ﾠ1999/94/EC	 ﾠrequires	 ﾠall	 ﾠEU	 ﾠ
countries	 ﾠto	 ﾠdisplay	 ﾠa	 ﾠfuel	 ﾠefficiency/CO2	 ﾠlabel	 ﾠon	 ﾠnew	 ﾠcars.	 ﾠThe	 ﾠlabel	 ﾠmust	 ﾠinclude	 ﾠ
fuel	 ﾠconsumption	 ﾠ(l/100	 ﾠkm)	 ﾠand	 ﾠspecific	 ﾠemissions	 ﾠof	 ﾠCO2	 ﾠ(g/km)	 ﾠfor	 ﾠthat	 ﾠ
particular	 ﾠmodel.	 ﾠAccording	 ﾠto	 ﾠthe	 ﾠdirective,	 ﾠthe	 ﾠnew	 ﾠcar	 ﾠfleet	 ﾠis	 ﾠsub-ﾭ‐divided	 ﾠinto	 ﾠ
colour-ﾭ‐coded	 ﾠvehicle	 ﾠclasses	 ﾠand	 ﾠthe	 ﾠlabel	 ﾠindicates	 ﾠthe	 ﾠfuel	 ﾠefficiency	 ﾠand	 ﾠCO2	 ﾠ
emissions	 ﾠclass	 ﾠinto	 ﾠwhich	 ﾠthe	 ﾠparticular	 ﾠvehicle	 ﾠfalls	 ﾠ(see,	 ﾠfor	 ﾠexample,	 ﾠthe	 ﾠDutch	 ﾠ
and	 ﾠFrench	 ﾠlabels	 ﾠin	 ﾠFigure	 ﾠ8).	 ﾠIn	 ﾠtransposing	 ﾠthe	 ﾠDirective,	 ﾠsome	 ﾠmember	 ﾠstates	 ﾠ
developed	 ﾠlabels	 ﾠwhich	 ﾠwent	 ﾠbeyond	 ﾠthe	 ﾠrequirements	 ﾠset	 ﾠout	 ﾠin	 ﾠthe	 ﾠDirective	 ﾠ
(ADAC	 ﾠ2005).	 ﾠHolland	 ﾠand	 ﾠSwitzerland	 ﾠ(and	 ﾠthe	 ﾠsuggested	 ﾠGerman	 ﾠimplementation)	 ﾠ
introduced	 ﾠenergy	 ﾠrating	 ﾠsystems	 ﾠwith	 ﾠcolour-ﾭ‐coded	 ﾠclasses	 ﾠ(usually	 ﾠseven)	 ﾠalong	 ﾠ
the	 ﾠlines	 ﾠof	 ﾠthe	 ﾠhousehold	 ﾠappliance	 ﾠenergy	 ﾠlabel,	 ﾠi.e.	 ﾠcolor	 ﾠcodes	 ﾠare	 ﾠspecific	 ﾠfor	 ﾠ
vehicle	 ﾠclasses.	 ﾠOther	 ﾠcountries	 ﾠhave	 ﾠchosen	 ﾠabsolute	 ﾠstandards	 ﾠwhere	 ﾠlabeling	 ﾠis	 ﾠ
absolute,	 ﾠi.e.	 ﾠcolors	 ﾠare	 ﾠassigned	 ﾠirrespective	 ﾠof	 ﾠvehicle	 ﾠcharacteristics.	 ﾠ	 ﾠ
	 ﾠ A	 ﾠreview	 ﾠof	 ﾠthe	 ﾠexperience	 ﾠwith	 ﾠEU	 ﾠenergy	 ﾠand	 ﾠCO2	 ﾠlabelling	 ﾠfor	 ﾠcars	 ﾠ
concluded	 ﾠthat	 ﾠits	 ﾠimpact	 ﾠon	 ﾠconsumer	 ﾠawareness	 ﾠand	 ﾠpurchasing	 ﾠbehavior	 ﾠhas	 ﾠ
been	 ﾠmarginal	 ﾠon	 ﾠaverage	 ﾠ(TNO	 ﾠ2006).	 ﾠIt	 ﾠappears	 ﾠthat	 ﾠmanufacturers’	 ﾠmarketing	 ﾠ
strategies	 ﾠare	 ﾠoften	 ﾠat	 ﾠodds	 ﾠwith	 ﾠthe	 ﾠlabel’s	 ﾠ‘ascetic’	 ﾠmessage.	 ﾠLabelling	 ﾠhas	 ﾠnot	 ﾠyet	 ﾠ
contributed	 ﾠsignificantly	 ﾠto	 ﾠactual	 ﾠemission	 ﾠreductions.	 ﾠBut	 ﾠgiven	 ﾠits	 ﾠpotential	 ﾠto	 ﾠ
raise	 ﾠconsumer	 ﾠawareness,	 ﾠit	 ﾠshould	 ﾠbe	 ﾠused	 ﾠas	 ﾠpart	 ﾠof	 ﾠa	 ﾠpackage	 ﾠof	 ﾠmeasures,	 ﾠ
which	 ﾠcould	 ﾠinclude,	 ﾠfor	 ﾠexample,	 ﾠfiscal	 ﾠinstruments.	 ﾠMoreover,	 ﾠthe	 ﾠcurrent	 ﾠ
decentralized	 ﾠapproach	 ﾠis	 ﾠleading	 ﾠto	 ﾠdiverse	 ﾠand	 ﾠdisparate	 ﾠresponses,	 ﾠreducing	 ﾠ
transparency	 ﾠand	 ﾠcomparability	 ﾠacross	 ﾠthe	 ﾠEU.	 ﾠRegulators	 ﾠshould	 ﾠtherefore	 ﾠconsider	 ﾠ
the	 ﾠharmonization	 ﾠof	 ﾠlabelling	 ﾠbased	 ﾠon	 ﾠthe	 ﾠexperience	 ﾠfrom	 ﾠthose	 ﾠEU	 ﾠcountries	 ﾠ
who	 ﾠhave	 ﾠcollected	 ﾠsatisfying	 ﾠresults	 ﾠwith	 ﾠtheir	 ﾠschemes.	 ﾠ	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Figure 8: Dutch (left) and French (right) colour-coded label for cars’ fuel and carbon 
efficiency   32	 ﾠ
 
4. Regulating carbon intensity 
This	 ﾠchapter	 ﾠdeals	 ﾠwith	 ﾠregulation	 ﾠand	 ﾠmarket-ﾭ‐based	 ﾠinstruments	 ﾠtargeting	 ﾠ
the	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠtransport	 ﾠfuels,	 ﾠexcluding	 ﾠemission	 ﾠtrading.	 ﾠEmission	 ﾠtrading	 ﾠ
is	 ﾠthoroughly	 ﾠanalyzed	 ﾠfrom	 ﾠnext	 ﾠchapter	 ﾠonwards.	 ﾠStarting	 ﾠpoint	 ﾠare	 ﾠspecific	 ﾠ
instruments	 ﾠsuch	 ﾠas	 ﾠrenewable	 ﾠfuel	 ﾠmandates	 ﾠand	 ﾠthen	 ﾠinstruments	 ﾠwith	 ﾠwider	 ﾠ
scope,	 ﾠsuch	 ﾠas	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandards.	 ﾠFocus	 ﾠwill	 ﾠbe	 ﾠon	 ﾠthe	 ﾠjustification	 ﾠand	 ﾠ
evaluation	 ﾠof	 ﾠthese	 ﾠinstruments,	 ﾠhighlighting	 ﾠpolicy	 ﾠeffectiveness	 ﾠand	 ﾠlimits.	 ﾠ	 ﾠ
Summary	 ﾠChapter	 ﾠ4	 ﾠ
•  Renewable	 ﾠfuel	 ﾠstandards	 ﾠpush	 ﾠbiofuels	 ﾠinto	 ﾠfuel	 ﾠmarkets	 ﾠof	 ﾠmajor	 ﾠworld	 ﾠ
economies	 ﾠbut	 ﾠfail	 ﾠto	 ﾠaccount	 ﾠfor	 ﾠcarbon	 ﾠintensity	 ﾠand	 ﾠsustainability	 ﾠ
concerns.	 ﾠ
•  Low	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠ(LCFS)	 ﾠof	 ﾠCalifornia	 ﾠand	 ﾠthe	 ﾠEU	 ﾠregulate	 ﾠthe	 ﾠ
precise	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠfuels	 ﾠand	 ﾠincentivize	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠlow	 ﾠ
carbon	 ﾠfuels.	 ﾠ
•  LCFSs	 ﾠfail	 ﾠto	 ﾠlimit	 ﾠabsolute	 ﾠcarbon	 ﾠemissions,	 ﾠand,	 ﾠin	 ﾠfact,	 ﾠcan	 ﾠgenerate	 ﾠ
perverse	 ﾠincentives.	 ﾠ
•  An	 ﾠadditional	 ﾠcomprehensive	 ﾠinstrument,	 ﾠintroducing	 ﾠa	 ﾠsignificant	 ﾠcarbon	 ﾠ




4.1.  Renewable	 ﾠfuel	 ﾠpolicies	 ﾠ
	 ﾠ Biofuels	 ﾠwere	 ﾠseen	 ﾠas	 ﾠlow	 ﾠor	 ﾠzero	 ﾠcarbon	 ﾠsources	 ﾠof	 ﾠenergy	 ﾠfor	 ﾠ
transportation,	 ﾠand	 ﾠas	 ﾠa	 ﾠsuitable	 ﾠmean	 ﾠto	 ﾠbreak	 ﾠoil	 ﾠdependency.	 ﾠHence,	 ﾠthe	 ﾠ
development	 ﾠof	 ﾠbiofuels	 ﾠin	 ﾠcountries	 ﾠand	 ﾠworld	 ﾠregions	 ﾠhas	 ﾠbeen	 ﾠsupported	 ﾠby	 ﾠa	 ﾠ
range	 ﾠof	 ﾠpolicy	 ﾠinstruments,	 ﾠincluding	 ﾠvolumetric	 ﾠtargets	 ﾠor	 ﾠblending	 ﾠmandates,	 ﾠtax	 ﾠ
incentives	 ﾠor	 ﾠpenalties,	 ﾠpreferential	 ﾠgovernment	 ﾠpurchasing,	 ﾠgovernment	 ﾠfunded	 ﾠ
RD&D	 ﾠ(research,	 ﾠdevelopment,	 ﾠ&	 ﾠdeployment),	 ﾠand	 ﾠlocal	 ﾠbusiness	 ﾠincentives	 ﾠfor	 ﾠ
biofuel	 ﾠcompanies.	 ﾠTo	 ﾠgive	 ﾠa	 ﾠsignificant	 ﾠexample:	 ﾠIn	 ﾠGermany,	 ﾠtax	 ﾠbreaks	 ﾠfor	 ﾠ
biodiesel	 ﾠinduced	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠ520,000	 ﾠtons	 ﾠof	 ﾠbiodiesel	 ﾠin	 ﾠ2005.	 ﾠThis	 ﾠvolume	 ﾠ
was	 ﾠsignificantly	 ﾠreduced	 ﾠto	 ﾠaround	 ﾠ200,000	 ﾠtons	 ﾠin	 ﾠ2009	 ﾠafter	 ﾠintroduction	 ﾠof	 ﾠa	 ﾠtax	 ﾠ  33	 ﾠ
rate	 ﾠof	 ﾠ18	 ﾠeuro	 ﾠcent	 ﾠper	 ﾠliter	 ﾠ(as	 ﾠof	 ﾠ2009)	 ﾠ(Hogan	 ﾠ2009).	 ﾠThe	 ﾠmost	 ﾠpowerful	 ﾠtool	 ﾠin	 ﾠ
the	 ﾠbiofuel	 ﾠpolicy	 ﾠarena,	 ﾠhowever,	 ﾠare	 ﾠrenewable	 ﾠfuel	 ﾠmandates.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠEU	 ﾠ
mandates	 ﾠ10%	 ﾠbiofuels	 ﾠin	 ﾠthe	 ﾠoverall	 ﾠmix	 ﾠby	 ﾠ2020.	 ﾠ	 ﾠ
	 ﾠ In	 ﾠthe	 ﾠUS,	 ﾠthe	 ﾠRenewable	 ﾠFuel	 ﾠStandard	 ﾠ(RFS)	 ﾠprogram	 ﾠwas	 ﾠoriginally	 ﾠ
created	 ﾠunder	 ﾠthe	 ﾠEnergy	 ﾠPolicy	 ﾠAct	 ﾠ(EPAct)	 ﾠof	 ﾠ2005.	 ﾠAs	 ﾠrequired	 ﾠunder	 ﾠEPAct,	 ﾠthe	 ﾠ
RFS	 ﾠincreased	 ﾠthe	 ﾠvolume	 ﾠof	 ﾠrenewable	 ﾠfuel	 ﾠrequired	 ﾠto	 ﾠbe	 ﾠblended	 ﾠinto	 ﾠgasoline	 ﾠto	 ﾠ
7.5	 ﾠbillion	 ﾠgallons	 ﾠby	 ﾠ2012	 ﾠ(RFS1).	 ﾠUnder	 ﾠthe	 ﾠEnergy	 ﾠIndependence	 ﾠand	 ﾠSecurity	 ﾠAct	 ﾠ
(EISA)	 ﾠof	 ﾠ2007,	 ﾠthe	 ﾠRenewable	 ﾠFuel	 ﾠStandard	 ﾠprogram	 ﾠwill	 ﾠincrease	 ﾠthe	 ﾠvolume	 ﾠof	 ﾠ
renewable	 ﾠfuel	 ﾠrequired	 ﾠto	 ﾠbe	 ﾠblended	 ﾠinto	 ﾠtransportation	 ﾠfuel	 ﾠfrom	 ﾠ9	 ﾠbillion	 ﾠgallons	 ﾠ
in	 ﾠ2008	 ﾠto	 ﾠ36	 ﾠbillion	 ﾠgallons	 ﾠby	 ﾠ2022	 ﾠ(RFS2)	 ﾠ(EPA	 ﾠ2010a).	 ﾠThe	 ﾠRFS1	 ﾠdid	 ﾠnot	 ﾠ
discriminate	 ﾠamong	 ﾠbiofuels	 ﾠand	 ﾠthe	 ﾠquota	 ﾠwas	 ﾠmet	 ﾠmostly	 ﾠby	 ﾠdomestic	 ﾠcorn	 ﾠ
ethanol.	 ﾠThe	 ﾠRFS2	 ﾠsets	 ﾠexplicit	 ﾠquota	 ﾠfor	 ﾠcellulosic	 ﾠand	 ﾠother	 ﾠadvanced	 ﾠbiofuels,	 ﾠand	 ﾠ
biodiesel.	 ﾠ	 ﾠ
	 ﾠ Non-ﾭ‐discriminatory	 ﾠrenewable	 ﾠstandards	 ﾠare	 ﾠproblematic	 ﾠas	 ﾠlife-ﾭ‐cycle	 ﾠ
emissions	 ﾠvary	 ﾠdramatically	 ﾠaccording	 ﾠto	 ﾠfeedstock.	 ﾠFull	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠ
comprise	 ﾠemissions	 ﾠfrom	 ﾠagricultural	 ﾠpractice,	 ﾠrefining,	 ﾠupfront	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠ
and	 ﾠindirect	 ﾠland-ﾭ‐use	 ﾠchange.	 ﾠMajor	 ﾠsources	 ﾠof	 ﾠuncertainty	 ﾠ(and	 ﾠissue	 ﾠof	 ﾠpolitical	 ﾠ
debate)	 ﾠare	 ﾠindirect	 ﾠland-ﾭ‐use	 ﾠemissions	 ﾠ(e.g.,	 ﾠinduced	 ﾠdeforestation	 ﾠby	 ﾠhigher	 ﾠ
world-ﾭ‐market	 ﾠprices	 ﾠfor	 ﾠethanol)	 ﾠand	 ﾠnitrous	 ﾠoxide	 ﾠemissions.	 ﾠSee	 ﾠAnnex	 ﾠA	 ﾠfor	 ﾠa	 ﾠ
full-ﾭ‐fledged	 ﾠreview	 ﾠof	 ﾠthis	 ﾠissue.	 ﾠConventional	 ﾠcorn	 ﾠethanol	 ﾠ–	 ﾠcurrently	 ﾠdominating	 ﾠ
the	 ﾠbiofuel	 ﾠmarket	 ﾠ-ﾭ‐	 ﾠis	 ﾠassumed	 ﾠto	 ﾠhave	 ﾠhigher	 ﾠGHG	 ﾠlife	 ﾠcycle	 ﾠemissions	 ﾠthan	 ﾠ
conventional	 ﾠgasoline	 ﾠ(Searchinger	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠHertel	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠThe	 ﾠRFS2	 ﾠhas	 ﾠput	 ﾠ
regulation	 ﾠin	 ﾠplace	 ﾠthat	 ﾠrequires	 ﾠdifferent	 ﾠsorts	 ﾠof	 ﾠbiofuels	 ﾠto	 ﾠcross	 ﾠcertain	 ﾠthreshold	 ﾠ
GHG	 ﾠemission	 ﾠreduction	 ﾠvalues	 ﾠ(EPA	 ﾠ2010b).	 ﾠ	 ﾠ
	 ﾠ A	 ﾠfundamental	 ﾠproblem	 ﾠof	 ﾠbiofuels	 ﾠis	 ﾠinduced	 ﾠfood	 ﾠinsecurity	 ﾠby	 ﾠland	 ﾠ
competition	 ﾠbetween	 ﾠcash	 ﾠfuels	 ﾠand	 ﾠfood.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠattempt	 ﾠto	 ﾠsolve	 ﾠthis	 ﾠfood	 ﾠ
security	 ﾠproblem,	 ﾠthe	 ﾠChinese	 ﾠgovernment,	 ﾠfor	 ﾠinstance,	 ﾠhas	 ﾠforbidden	 ﾠnew	 ﾠbiofuel	 ﾠ
projects	 ﾠthat	 ﾠuse	 ﾠgrain	 ﾠor	 ﾠother	 ﾠhuman	 ﾠfoodstuffs,	 ﾠtherefore	 ﾠsupporting	 ﾠcassava	 ﾠ
bioethanol	 ﾠand	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠcellulosic	 ﾠbioethanol	 ﾠtechnologies	 ﾠ(ICET	 ﾠ2008).	 ﾠ
Second	 ﾠand	 ﾠthird	 ﾠgeneration	 ﾠbiofuels	 ﾠare	 ﾠexpected	 ﾠto	 ﾠhave	 ﾠlow	 ﾠlife-ﾭ‐cycle	 ﾠemissions,	 ﾠ
but,	 ﾠat	 ﾠthe	 ﾠcurrent	 ﾠstage,	 ﾠcannot	 ﾠbe	 ﾠproduced	 ﾠat	 ﾠcompetitive	 ﾠprices.	 ﾠ
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Box	 ﾠ2:	 ﾠThe	 ﾠsmallprint	 ﾠof	 ﾠRFS23	 ﾠ
As	 ﾠby	 ﾠvolume	 ﾠthe	 ﾠmost	 ﾠrelevant	 ﾠrenewable	 ﾠfuel	 ﾠstandard	 ﾠworld	 ﾠwide,	 ﾠa	 ﾠcloser	 ﾠlook	 ﾠ
at	 ﾠthe	 ﾠdetails	 ﾠof	 ﾠthis	 ﾠregulation	 ﾠis	 ﾠworthwhile	 ﾠ–	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠissues	 ﾠbehind	 ﾠ
decarbonization	 ﾠpolicies	 ﾠin	 ﾠtransport.	 ﾠSpecific	 ﾠlifecycle	 ﾠGHG	 ﾠemission	 ﾠthresholds	 ﾠ
for	 ﾠeach	 ﾠof	 ﾠfour	 ﾠtypes	 ﾠof	 ﾠrenewable	 ﾠfuels	 ﾠwere	 ﾠestablished,	 ﾠrequiring	 ﾠa	 ﾠpercentage	 ﾠ
improvement	 ﾠcompared	 ﾠto	 ﾠlifecycle	 ﾠGHG	 ﾠemissions	 ﾠfor	 ﾠgasoline	 ﾠor	 ﾠdiesel.	 ﾠOne	 ﾠof	 ﾠ
these	 ﾠfuels,	 ﾠethanol	 ﾠproduced	 ﾠfrom	 ﾠcorn	 ﾠstarch	 ﾠproduced	 ﾠat	 ﾠa	 ﾠnew	 ﾠnatural	 ﾠgas	 ﾠ
facility	 ﾠusing	 ﾠadvanced	 ﾠefficient	 ﾠtechnologies	 ﾠwill	 ﾠmeet	 ﾠthe	 ﾠ20%	 ﾠreduction	 ﾠthreshold	 ﾠ
compared	 ﾠto	 ﾠthe	 ﾠ2005	 ﾠgasoline	 ﾠbaseline	 ﾠaccording	 ﾠto	 ﾠEPA.	 ﾠOther	 ﾠfuels	 ﾠmeet	 ﾠthe	 ﾠ50%	 ﾠ
or	 ﾠ60%	 ﾠbenchmark.	 ﾠ
While	 ﾠthe	 ﾠlifecycle	 ﾠmethodology	 ﾠof	 ﾠthe	 ﾠEPA	 ﾠif	 ﾠfairly	 ﾠcomprehensive,	 ﾠa	 ﾠfew	 ﾠ
important	 ﾠcaveats	 ﾠwere	 ﾠnoted	 ﾠin	 ﾠa	 ﾠreview	 ﾠof	 ﾠthe	 ﾠRFS2	 ﾠ(Plevin	 ﾠ2010):	 ﾠ
•  EPA	 ﾠperforms	 ﾠits	 ﾠanalysis	 ﾠin	 ﾠa	 ﾠprojected	 ﾠ2022	 ﾠworld,	 ﾠassuming	 ﾠa	 ﾠvariety	 ﾠof	 ﾠ
technology	 ﾠchanges.	 ﾠThis	 ﾠis	 ﾠsimilar	 ﾠto	 ﾠaccounting	 ﾠfor	 ﾠtoday’s	 ﾠemissions	 ﾠfrom	 ﾠ
coal	 ﾠpower	 ﾠplants	 ﾠas	 ﾠif	 ﾠthey	 ﾠhad	 ﾠimplemented	 ﾠanticipated	 ﾠCCS	 ﾠtechnology.	 ﾠIn	 ﾠ
2012	 ﾠall	 ﾠand	 ﾠin	 ﾠ2017	 ﾠmost	 ﾠcorn	 ﾠethanol	 ﾠpathways	 ﾠanalyzed	 ﾠby	 ﾠthe	 ﾠEPA	 ﾠdo	 ﾠ
not	 ﾠmeet	 ﾠthe	 ﾠ20%	 ﾠGHG	 ﾠreduction	 ﾠrequirement,	 ﾠor	 ﾠeven	 ﾠproduce	 ﾠgreater	 ﾠ
GHG	 ﾠemissions	 ﾠthan	 ﾠthe	 ﾠgasoline	 ﾠbaseline.	 ﾠ	 ﾠ
•  In	 ﾠthe	 ﾠEPA	 ﾠmodel	 ﾠcorn	 ﾠethanol	 ﾠachieves	 ﾠproductivity	 ﾠgains	 ﾠwithout	 ﾠ
additional	 ﾠuse	 ﾠof	 ﾠfertilizer.	 ﾠThe	 ﾠpeak	 ﾠof	 ﾠcorn	 ﾠethanol	 ﾠproduction	 ﾠis	 ﾠachieved	 ﾠ
in	 ﾠ2016	 ﾠ-ﾭ‐	 ﾠ	 ﾠinducing	 ﾠmost	 ﾠILUC	 ﾠ–	 ﾠwhile	 ﾠproductivity	 ﾠassumptions	 ﾠrefer	 ﾠto	 ﾠ
2022	 ﾠwith	 ﾠadditional	 ﾠ9.4%	 ﾠcrop	 ﾠyield.	 ﾠHence,	 ﾠILUC	 ﾠare	 ﾠsystematically	 ﾠ
underestimated.	 ﾠ
•  EPA	 ﾠattributes	 ﾠlarge	 ﾠsoil	 ﾠcarbon	 ﾠsequestration	 ﾠto	 ﾠbiodiesel,	 ﾠmost	 ﾠlikely	 ﾠfor	 ﾠ
increased	 ﾠused	 ﾠof	 ﾠno-ﾭ‐till.	 ﾠHowever,	 ﾠno-ﾭ‐till	 ﾠmay	 ﾠincrease	 ﾠN2O	 ﾠemissions	 ﾠ(Six	 ﾠ
et.	 ﾠal).	 ﾠThere	 ﾠis	 ﾠuncertainty	 ﾠon	 ﾠthis	 ﾠissue,	 ﾠbut	 ﾠEPA	 ﾠtreats	 ﾠnet	 ﾠsoil	 ﾠcarbon	 ﾠ
sequestration	 ﾠas	 ﾠa	 ﾠfact.	 ﾠ	 ﾠ
•  Cellulosic	 ﾠethanol	 ﾠobtains	 ﾠa	 ﾠlow	 ﾠGHG	 ﾠrating	 ﾠby	 ﾠco-ﾭ‐product	 ﾠcredits	 ﾠgenerated	 ﾠ
by	 ﾠelectricity	 ﾠfrom	 ﾠbiochemical	 ﾠcellulosic	 ﾠrefineries	 ﾠthat	 ﾠdisplaces	 ﾠthe	 ﾠ
average	 ﾠUS	 ﾠgrid	 ﾠelectricity.	 ﾠTaking	 ﾠthe	 ﾠaverage	 ﾠUS	 ﾠgrid	 ﾠas	 ﾠbenchmark	 ﾠis	 ﾠa	 ﾠ
courageous	 ﾠassumption.	 ﾠMore	 ﾠdetailed	 ﾠanalysis	 ﾠcould	 ﾠsignificantly	 ﾠchange	 ﾠ
the	 ﾠlife	 ﾠcycle	 ﾠemissions.	 ﾠ	 ﾠ
•  An	 ﾠadditional	 ﾠsupply	 ﾠof	 ﾠbiofuels	 ﾠreduces	 ﾠthe	 ﾠworld	 ﾠmarket	 ﾠprice	 ﾠof	 ﾠ
petroleum,	 ﾠby	 ﾠthis	 ﾠincreasing	 ﾠits	 ﾠdemand.	 ﾠIn	 ﾠone	 ﾠstudy,	 ﾠthe	 ﾠglobal	 ﾠpetroleum	 ﾠ
effect	 ﾠis	 ﾠestimated	 ﾠto	 ﾠbe	 ﾠaround	 ﾠ27%	 ﾠimplying	 ﾠthat	 ﾠeach	 ﾠMJ	 ﾠof	 ﾠbiofuel	 ﾠ
replaces	 ﾠ0.73	 ﾠMJ	 ﾠof	 ﾠpetroleum	 ﾠ(Stoft	 ﾠ2009).	 ﾠHence,	 ﾠbiofuels	 ﾠthat	 ﾠare	 ﾠless	 ﾠ
then	 ﾠ27%	 ﾠbelow	 ﾠgasoline	 ﾠbaseline	 ﾠcould	 ﾠhave	 ﾠa	 ﾠnet	 ﾠpositive	 ﾠglobal	 ﾠwarming	 ﾠ
effect.	 ﾠThis	 ﾠeffect	 ﾠis	 ﾠacknowledged	 ﾠbut	 ﾠnot	 ﾠmodeled	 ﾠby	 ﾠEPA.	 ﾠ
Most	 ﾠimportantly	 ﾠperhaps	 ﾠis	 ﾠthe	 ﾠtreatment	 ﾠof	 ﾠuncertainty.	 ﾠEPA	 ﾠperforms	 ﾠa	 ﾠbasic	 ﾠ
uncertainty	 ﾠanalysis.	 ﾠA	 ﾠnumber	 ﾠof	 ﾠuncertainties	 ﾠare	 ﾠcompletely	 ﾠignored,	 ﾠmost	 ﾠ
importantly	 ﾠthe	 ﾠuncertainty	 ﾠabout	 ﾠthe	 ﾠfraction	 ﾠof	 ﾠland	 ﾠdisplaced	 ﾠby	 ﾠbiofuels	 ﾠthat	 ﾠ
must	 ﾠbe	 ﾠreplaced	 ﾠelsewhere	 ﾠand	 ﾠthe	 ﾠassumed	 ﾠproduction	 ﾠperiod	 ﾠ(Plevin	 ﾠet	 ﾠal.	 ﾠ
forthcoming).	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠnumbers	 ﾠare	 ﾠpresented	 ﾠwith	 ﾠrelative	 ﾠcertainty	 ﾠwhere	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
3	 ﾠA	 ﾠmodified	 ﾠversion	 ﾠof	 ﾠthis	 ﾠtext	 ﾠhas	 ﾠbeen	 ﾠpublished	 ﾠat	 ﾠEnvironmental	 ﾠResearch	 ﾠWeb	 ﾠ(The	 ﾠsmallprint	 ﾠ
of	 ﾠthe	 ﾠRFS2,	 ﾠFelix	 ﾠCreutzig)	 ﾠ  35	 ﾠ
epistemic	 ﾠuncertainty	 ﾠdominates.	 ﾠTwo	 ﾠadditional	 ﾠimportant	 ﾠissues	 ﾠgo	 ﾠbeyond	 ﾠpure	 ﾠ
carbon	 ﾠaccounting.	 ﾠFirst,	 ﾠthere	 ﾠis	 ﾠconsiderable	 ﾠinteraction	 ﾠbetween	 ﾠbiofuel	 ﾠand	 ﾠ
food	 ﾠproduction.	 ﾠThe	 ﾠEPA’s	 ﾠcomprehensive	 ﾠanalysis	 ﾠtreats	 ﾠreduction	 ﾠin	 ﾠfood	 ﾠ
consumption,	 ﾠe.g.	 ﾠin	 ﾠIndia	 ﾠand	 ﾠAfrica,	 ﾠas	 ﾠa	 ﾠGHG	 ﾠbenefit.	 ﾠWithout	 ﾠthese	 ﾠshifts	 ﾠfrom	 ﾠ
food	 ﾠto	 ﾠfuel	 ﾠproduction,	 ﾠbiodiesel	 ﾠfrom	 ﾠsoybean	 ﾠwould	 ﾠnot	 ﾠmeet	 ﾠthe	 ﾠthreshold.	 ﾠ
Second,	 ﾠthe	 ﾠeconomic	 ﾠfeasibility	 ﾠof	 ﾠlarge	 ﾠscale	 ﾠcellulosic	 ﾠethanol	 ﾠproduction	 ﾠis	 ﾠ
unclear.	 ﾠFor	 ﾠexample,	 ﾠtarget	 ﾠvalues	 ﾠfor	 ﾠbiodiesel	 ﾠhave	 ﾠalready	 ﾠbeen	 ﾠscaled	 ﾠdown	 ﾠby	 ﾠ
more	 ﾠthan	 ﾠ90%	 ﾠfor	 ﾠ2010.	 ﾠIn	 ﾠsummary,	 ﾠEPAs	 ﾠcarbon	 ﾠaccounting	 ﾠshould	 ﾠbe	 ﾠtaken	 ﾠ
with	 ﾠsome	 ﾠcare.	 ﾠIn	 ﾠparticular,	 ﾠtoday’s	 ﾠcorn	 ﾠethanol	 ﾠmay	 ﾠhave	 ﾠhigher	 ﾠthan	 ﾠbaseline	 ﾠ
gasoline	 ﾠGHG	 ﾠemissions	 ﾠ(Hertel	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠBy	 ﾠfocusing	 ﾠon	 ﾠpotential	 ﾠ2022	 ﾠ
technologies,	 ﾠthis	 ﾠemission	 ﾠdisbenefit	 ﾠis	 ﾠinsufficiently	 ﾠreflected.	 ﾠSome	 ﾠpolicy	 ﾠmaker	 ﾠ
pressure	 ﾠthe	 ﾠEPA	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠcorn	 ﾠethanol,	 ﾠarguing	 ﾠthat	 ﾠcorn	 ﾠethanol	 ﾠ
production	 ﾠdecreases	 ﾠenergy	 ﾠindependence	 ﾠand	 ﾠproduces	 ﾠjobs.	 ﾠ	 ﾠ
	 ﾠ
4.2.  Low	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠ
	 ﾠ A	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandard	 ﾠ(LCFS)	 ﾠis	 ﾠdifferent	 ﾠfrom	 ﾠrenewable	 ﾠfuel	 ﾠstandards	 ﾠ
in	 ﾠthat	 ﾠa)	 ﾠit	 ﾠmandates	 ﾠa	 ﾠspecific	 ﾠoverall	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠaverage	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠ
all	 ﾠfuels	 ﾠand	 ﾠb)	 ﾠit	 ﾠaccounts	 ﾠfor	 ﾠthe	 ﾠcarbon	 ﾠemissions	 ﾠof	 ﾠeach	 ﾠindividual	 ﾠfuel,	 ﾠincluding	 ﾠ
non-ﾭ‐conventional	 ﾠfossil	 ﾠfuels.	 ﾠThe	 ﾠprimary	 ﾠpurpose	 ﾠof	 ﾠan	 ﾠLCFS	 ﾠis	 ﾠto	 ﾠreduce	 ﾠthe	 ﾠ
carbon	 ﾠintensity	 ﾠof	 ﾠfuels	 ﾠfor	 ﾠlight-ﾭ‐duty	 ﾠvehicles.	 ﾠAs	 ﾠsuch,	 ﾠan	 ﾠLCFS	 ﾠprovides	 ﾠa	 ﾠlevel	 ﾠ
playing	 ﾠfield	 ﾠacross	 ﾠall	 ﾠfuels,	 ﾠrather	 ﾠthan	 ﾠmandating	 ﾠspecific	 ﾠfuels	 ﾠof	 ﾠthe	 ﾠRFS.	 ﾠIt	 ﾠ
targets	 ﾠfuel	 ﾠsuppliers	 ﾠ–	 ﾠrefiners,	 ﾠimporters,	 ﾠand	 ﾠblenders	 ﾠof	 ﾠpassenger	 ﾠvehicle	 ﾠfuels	 ﾠ–	 ﾠ
and	 ﾠrequires	 ﾠthat	 ﾠthe	 ﾠaverage	 ﾠGHG	 ﾠintensity	 ﾠof	 ﾠtheir	 ﾠfuel	 ﾠmix	 ﾠbe	 ﾠreduced	 ﾠby	 ﾠa	 ﾠ
specified	 ﾠpercentage	 ﾠof	 ﾠbaseline	 ﾠcarbon	 ﾠintensity.	 ﾠThis	 ﾠgives	 ﾠsupplier	 ﾠthe	 ﾠflexibility	 ﾠ
to	 ﾠreduce	 ﾠemissions	 ﾠby	 ﾠswitching	 ﾠfossil	 ﾠfuel	 ﾠfeedstock,	 ﾠproviding	 ﾠlow	 ﾠcarbon	 ﾠ
biofuels,	 ﾠelectricity,	 ﾠand	 ﾠhydrogen,	 ﾠor	 ﾠby	 ﾠimproving	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠtheir	 ﾠfossil	 ﾠfuel	 ﾠ
supply	 ﾠchain.	 ﾠLifecycle	 ﾠGHG	 ﾠintensity	 ﾠis	 ﾠdefined	 ﾠas	 ﾠgrams	 ﾠof	 ﾠcarbon	 ﾠdioxide	 ﾠ
equivalent	 ﾠper	 ﾠmegajoule	 ﾠof	 ﾠfuel	 ﾠenergy	 ﾠ(gCO2e/MJ).	 ﾠNon	 ﾠCO2-ﾭ‐GHG,	 ﾠsuch	 ﾠas	 ﾠmethane	 ﾠ
and	 ﾠnitrous	 ﾠoxide,	 ﾠare	 ﾠconverted	 ﾠinto	 ﾠCO2	 ﾠequivalent	 ﾠemissions	 ﾠ(CO2e).	 ﾠEmissions	 ﾠ
for	 ﾠeach	 ﾠfuel	 ﾠare	 ﾠbased	 ﾠon	 ﾠcomplete	 ﾠlifecycle	 ﾠanalysis,	 ﾠincluding	 ﾠresource	 ﾠextraction,	 ﾠ
cultivation,	 ﾠpipeline	 ﾠtransport,	 ﾠprocessing,	 ﾠconversion,	 ﾠproduction,	 ﾠdistribution	 ﾠand	 ﾠ
consumption.	 ﾠThe	 ﾠmaximum	 ﾠGHG	 ﾠlevel	 ﾠis	 ﾠreduced	 ﾠover	 ﾠtime.	 ﾠSuppliers	 ﾠthat	 ﾠreduced	 ﾠ
the	 ﾠaverage	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠtheir	 ﾠfuels	 ﾠbelow	 ﾠtarget	 ﾠreceive	 ﾠcredits	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠ
sold	 ﾠto	 ﾠother	 ﾠsuppliers.	 ﾠ	 ﾠ
Implementation	 ﾠ
	 ﾠ California.	 ﾠExecutive	 ﾠOrder	 ﾠS-ﾭ‐01-ﾭ‐07	 ﾠfrom	 ﾠJanuary	 ﾠ2007,	 ﾠissued	 ﾠby	 ﾠ
Californian	 ﾠGovernor	 ﾠSchwarzenegger,	 ﾠmandates	 ﾠan	 ﾠemission	 ﾠreduction	 ﾠof	 ﾠ10%	 ﾠ
from	 ﾠthe	 ﾠentire	 ﾠfuel	 ﾠmix	 ﾠby	 ﾠ2020	 ﾠ(Schwarzenegger	 ﾠ2007;	 ﾠCARB	 ﾠ2009b).	 ﾠThe	 ﾠfinal	 ﾠ
rules	 ﾠwere	 ﾠadopted	 ﾠby	 ﾠthe	 ﾠCalifornian	 ﾠAir	 ﾠResources	 ﾠBoard	 ﾠ(CARB)	 ﾠin	 ﾠApril	 ﾠ2009;	 ﾠ
implementation	 ﾠstarted	 ﾠin	 ﾠJanuary	 ﾠ2010.	 ﾠGasoline	 ﾠand	 ﾠdiesel	 ﾠand	 ﾠtheir	 ﾠsubstitutes	 ﾠ
have	 ﾠbeen	 ﾠassigned	 ﾠcarbon	 ﾠintensities	 ﾠin	 ﾠgCO2e/MJ	 ﾠbased	 ﾠon	 ﾠlifecycle	 ﾠGHG	 ﾠintensity,	 ﾠ
adjusted	 ﾠfor	 ﾠcorresponding	 ﾠvehicle	 ﾠdrive–train	 ﾠefficiency.	 ﾠThe	 ﾠso-ﾭ‐called	 ﾠdefault	 ﾠand	 ﾠ
opt-ﾭ‐in	 ﾠrule	 ﾠprovides	 ﾠa	 ﾠconservative	 ﾠestimate	 ﾠof	 ﾠGHG	 ﾠestimate	 ﾠfor	 ﾠeach	 ﾠfuel,	 ﾠadjusted	 ﾠ  36	 ﾠ
for	 ﾠprocessing.	 ﾠCompanies	 ﾠmay	 ﾠchose	 ﾠto	 ﾠopt-ﾭ‐in	 ﾠand	 ﾠobtain	 ﾠadditional	 ﾠcredits	 ﾠby	 ﾠ
providing	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠfuel	 ﾠthey	 ﾠproduce	 ﾠhas	 ﾠlower	 ﾠGHG	 ﾠintensity	 ﾠthan	 ﾠthe	 ﾠ
default	 ﾠvalue.	 ﾠThe	 ﾠtwo	 ﾠregulated	 ﾠfuels,	 ﾠgasoline	 ﾠand	 ﾠdiesel,	 ﾠand	 ﾠtheir	 ﾠsubstitutes	 ﾠ
need	 ﾠto	 ﾠdecrease	 ﾠtheir	 ﾠGHG	 ﾠintensity	 ﾠby	 ﾠ10%	 ﾠfrom	 ﾠ2010	 ﾠuntil	 ﾠ2020	 ﾠ(CARB	 ﾠ2009b).	 ﾠ
The	 ﾠLCFS	 ﾠutilizes	 ﾠmarket-ﾭ‐based	 ﾠmechanisms	 ﾠto	 ﾠextend	 ﾠchoices	 ﾠto	 ﾠsuppliers	 ﾠfor	 ﾠ
reducing	 ﾠemissions	 ﾠwhile	 ﾠresponding	 ﾠto	 ﾠconsumers;	 ﾠfuel	 ﾠproviders	 ﾠmay	 ﾠa)	 ﾠreduce	 ﾠ
emissions	 ﾠfrom	 ﾠprocessing	 ﾠor	 ﾠb)	 ﾠbuy	 ﾠand	 ﾠblend	 ﾠa	 ﾠlow-ﾭ‐carbon	 ﾠbiofuels,	 ﾠsuch	 ﾠas	 ﾠ
ethanol,	 ﾠinto	 ﾠgasoline	 ﾠor	 ﾠdiesel	 ﾠproducts	 ﾠor	 ﾠc)	 ﾠpurchase	 ﾠcredits	 ﾠfrom	 ﾠpower	 ﾠutilities,	 ﾠ
based	 ﾠon	 ﾠtheir	 ﾠaverage	 ﾠcarbon	 ﾠintensity,	 ﾠor	 ﾠhydrogen	 ﾠowner	 ﾠat	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠdelivery,	 ﾠ
supplying	 ﾠlow-ﾭ‐carbon	 ﾠcertificates	 ﾠfor	 ﾠelectric	 ﾠor	 ﾠhydrogen	 ﾠvehicles.	 ﾠEleven	 ﾠU.S.	 ﾠ
states	 ﾠin	 ﾠthe	 ﾠNortheast	 ﾠand	 ﾠMid-ﾭ‐Atlantic	 ﾠRegions,	 ﾠand	 ﾠBritish	 ﾠColumbia	 ﾠand	 ﾠOntario	 ﾠ
have	 ﾠsigned	 ﾠletter	 ﾠof	 ﾠintents,	 ﾠand	 ﾠpartially	 ﾠlegislation,	 ﾠto	 ﾠintroduce	 ﾠLCFS	 ﾠin	 ﾠ
coordination	 ﾠwith	 ﾠCalifornia	 ﾠ(Massachusetts	 ﾠGovernment	 ﾠ2008;	 ﾠTaylor	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ	 ﾠ
	 ﾠ European	 ﾠUnion.	 ﾠIn	 ﾠthe	 ﾠEU,	 ﾠthe	 ﾠFuel	 ﾠQuality	 ﾠDirective	 ﾠCOM-ﾭ‐2007-ﾭ‐18	 ﾠ
requires	 ﾠ6%	 ﾠreduction	 ﾠin	 ﾠCO2e	 ﾠof	 ﾠtransportation	 ﾠfuels	 ﾠfrom	 ﾠ2010	 ﾠto	 ﾠ2020	 ﾠ(EC	 ﾠ
2009c).	 ﾠSubject	 ﾠto	 ﾠfurther	 ﾠregulation,	 ﾠan	 ﾠadditional	 ﾠ2%	 ﾠreduction	 ﾠshould	 ﾠbe	 ﾠ
obtained	 ﾠthrough	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠelectric	 ﾠcars	 ﾠand	 ﾠenvironmentally	 ﾠfriendly	 ﾠ
capture	 ﾠand	 ﾠstorage	 ﾠtechnologies.	 ﾠAn	 ﾠadditional	 ﾠ2%	 ﾠreduction	 ﾠis	 ﾠto	 ﾠbe	 ﾠobtained	 ﾠ
through	 ﾠthe	 ﾠpurchase	 ﾠof	 ﾠcredits	 ﾠunder	 ﾠthe	 ﾠClean	 ﾠDevelopment	 ﾠMechanism.	 ﾠThe	 ﾠFuel	 ﾠ
Quality	 ﾠDirective	 ﾠallows	 ﾠreduction	 ﾠof	 ﾠCO2e	 ﾠin	 ﾠthe	 ﾠfossil	 ﾠfuel	 ﾠlifecycle,	 ﾠe.g.	 ﾠby	 ﾠ
improving	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠexploration	 ﾠand	 ﾠprocessing,	 ﾠand	 ﾠalso	 ﾠvia	 ﾠthe	 ﾠintroduction	 ﾠ
of	 ﾠrenewable	 ﾠfuels	 ﾠthat	 ﾠhave	 ﾠlower	 ﾠlifecycle	 ﾠemissions	 ﾠthan	 ﾠconventional	 ﾠfuels.	 ﾠ
Indirect	 ﾠlife	 ﾠcycle	 ﾠemissions	 ﾠare	 ﾠnot	 ﾠ(yet)	 ﾠpart	 ﾠof	 ﾠEU	 ﾠlife	 ﾠcycle	 ﾠaccounting.	 ﾠElectricity	 ﾠ
is	 ﾠnot	 ﾠpart	 ﾠof	 ﾠthe	 ﾠ6%	 ﾠtarget;	 ﾠhydrogen	 ﾠcould	 ﾠbe	 ﾠincluded	 ﾠin	 ﾠfuture	 ﾠregulation.	 ﾠ	 ﾠ
Expected	 ﾠeffects	 ﾠof	 ﾠLCFS	 ﾠ
	 ﾠ The	 ﾠLCFS	 ﾠwill	 ﾠbe	 ﾠeffective	 ﾠin	 ﾠcreating	 ﾠincentives	 ﾠto	 ﾠincrease	 ﾠefficiency	 ﾠin	 ﾠ
exploration	 ﾠand	 ﾠprocessing	 ﾠof	 ﾠconventional	 ﾠfuels,	 ﾠand	 ﾠswitching	 ﾠto	 ﾠlow-ﾭ‐carbon	 ﾠfuels.	 ﾠ
In	 ﾠthe	 ﾠEU,	 ﾠmost	 ﾠreduction	 ﾠin	 ﾠcarbon	 ﾠcontent	 ﾠis	 ﾠexpected	 ﾠvia	 ﾠintroduction	 ﾠof	 ﾠ
renewable	 ﾠfuels	 ﾠ(EC	 ﾠ2009c;	 ﾠArnold	 ﾠ2009).	 ﾠHowever,	 ﾠdue	 ﾠto	 ﾠlow	 ﾠpenetration	 ﾠof	 ﾠflex-ﾭ‐
fuel	 ﾠvehicles	 ﾠin	 ﾠEurope,	 ﾠa	 ﾠhigh	 ﾠpercentage	 ﾠ(above	 ﾠ10%)	 ﾠof	 ﾠethanol	 ﾠin	 ﾠthe	 ﾠoverall	 ﾠfuel	 ﾠ
mix	 ﾠis	 ﾠchallenging.	 ﾠHence,	 ﾠas	 ﾠa	 ﾠresult	 ﾠa	 ﾠlower	 ﾠpercentage	 ﾠof	 ﾠrenewable	 ﾠfuels	 ﾠwith	 ﾠ
high	 ﾠGHG	 ﾠreduction	 ﾠcould	 ﾠbe	 ﾠused,	 ﾠrather	 ﾠthan	 ﾠa	 ﾠhigh	 ﾠpercentage	 ﾠof	 ﾠrenewable	 ﾠfuels	 ﾠ
with	 ﾠrelatively	 ﾠlow	 ﾠGHG	 ﾠreduction;	 ﾠfor	 ﾠexample,	 ﾠCNG	 ﾠand	 ﾠbiomethane	 ﾠ(Arnold	 ﾠ
2009).	 ﾠIn	 ﾠCalifornia,	 ﾠsavings	 ﾠof	 ﾠthe	 ﾠLCFS	 ﾠare	 ﾠestimated	 ﾠto	 ﾠbe	 ﾠ$11	 ﾠbillion	 ﾠfrom	 ﾠ2010-ﾭ‐
2020;	 ﾠ25	 ﾠnew	 ﾠbiorefineries	 ﾠcould	 ﾠbe	 ﾠbuilt	 ﾠ(CARB	 ﾠ2009b).	 ﾠ	 ﾠ
4.3.  Evaluation	 ﾠ
	 ﾠ The	 ﾠLCFS	 ﾠis	 ﾠthe	 ﾠfirst	 ﾠpolicy	 ﾠimplemented	 ﾠthat	 ﾠsuccessfully	 ﾠaddresses	 ﾠthe	 ﾠ
carbon	 ﾠcontent	 ﾠof	 ﾠall	 ﾠfuels	 ﾠin	 ﾠtransportation,	 ﾠtreating	 ﾠgasoline,	 ﾠunconventional	 ﾠfuels,	 ﾠ
renewable	 ﾠsources	 ﾠand	 ﾠelectricity	 ﾠon	 ﾠequal	 ﾠfooting.	 ﾠFor	 ﾠthe	 ﾠfirst	 ﾠtime,	 ﾠa	 ﾠfull	 ﾠlifecycle	 ﾠ
analysis	 ﾠfor	 ﾠall	 ﾠfuels	 ﾠis	 ﾠrequired.	 ﾠ	 ﾠ
However,	 ﾠfour	 ﾠkey	 ﾠshortcomings	 ﾠcan	 ﾠbe	 ﾠidentified:	 ﾠ	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 ﾠ
1.  Leakage/Shuffling.	 ﾠCompanies	 ﾠwill	 ﾠseek	 ﾠto	 ﾠcomply	 ﾠat	 ﾠlowest	 ﾠcosts,	 ﾠfor	 ﾠ
example	 ﾠby	 ﾠshifting	 ﾠthe	 ﾠconsumption	 ﾠof	 ﾠrenewable	 ﾠfuels	 ﾠfrom	 ﾠother	 ﾠstates	 ﾠto	 ﾠ
California	 ﾠwhile	 ﾠgasoline	 ﾠmade	 ﾠfrom	 ﾠtar	 ﾠsands	 ﾠwill	 ﾠbe	 ﾠexclusively	 ﾠsent	 ﾠto	 ﾠnon-ﾭ‐
LCFS	 ﾠstates	 ﾠ(Sperling	 ﾠand	 ﾠYeh	 ﾠ2009).	 ﾠThe	 ﾠglobal	 ﾠrebound	 ﾠeffect	 ﾠ(additional	 ﾠ
consumption	 ﾠin	 ﾠother	 ﾠworld	 ﾠregions	 ﾠcaused	 ﾠby	 ﾠlower	 ﾠfuel	 ﾠprices)	 ﾠcould	 ﾠbe	 ﾠ
25%	 ﾠpercent	 ﾠor	 ﾠmore	 ﾠin	 ﾠwhich	 ﾠcase	 ﾠthe	 ﾠLCFS	 ﾠis	 ﾠless	 ﾠeffective	 ﾠthan	 ﾠanticipated	 ﾠ
(Stoft	 ﾠ2009).	 ﾠA	 ﾠbroad	 ﾠinternational	 ﾠcoverage	 ﾠof	 ﾠthe	 ﾠLCFS	 ﾠis	 ﾠexpected	 ﾠto	 ﾠ
reduce	 ﾠthe	 ﾠshuffling	 ﾠand	 ﾠrebound	 ﾠeffect	 ﾠ(Farrell	 ﾠand	 ﾠSperling	 ﾠ2007).	 ﾠ	 ﾠ
2.  Perverse	 ﾠincentives.	 ﾠFrom	 ﾠan	 ﾠeconomic	 ﾠperspective,	 ﾠthe	 ﾠLCFS	 ﾠcreates	 ﾠ
perverse	 ﾠincentives:	 ﾠThe	 ﾠLCFS	 ﾠacts	 ﾠas	 ﾠa	 ﾠtax	 ﾠon	 ﾠhigh	 ﾠcarbon	 ﾠfuels	 ﾠbut	 ﾠas	 ﾠa	 ﾠ
subsidy	 ﾠon	 ﾠlow	 ﾠcarbon	 ﾠfuels.	 ﾠIf	 ﾠdemand	 ﾠand/or	 ﾠsupply	 ﾠof	 ﾠhigh	 ﾠcarbon	 ﾠfuels	 ﾠis	 ﾠ
relatively	 ﾠinelastic,	 ﾠadditional	 ﾠproduction	 ﾠof	 ﾠlow-ﾭ‐carbon	 ﾠfuels	 ﾠis	 ﾠincentivized	 ﾠ
which	 ﾠcan	 ﾠincrease	 ﾠtotal	 ﾠGHG	 ﾠemissions	 ﾠ(Holland	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠ	 ﾠ
3.  Uncertainty	 ﾠin	 ﾠlifecycle	 ﾠemissions.	 ﾠLifecycle	 ﾠanalyses	 ﾠare	 ﾠmore	 ﾠ
comprehensive	 ﾠthan	 ﾠin	 ﾠthe	 ﾠRFS2	 ﾠin	 ﾠincluding	 ﾠall	 ﾠfuels,	 ﾠnot	 ﾠonly	 ﾠbiofuels.	 ﾠ
Furthermore,	 ﾠuncertain	 ﾠprojections	 ﾠinto	 ﾠthe	 ﾠfuture	 ﾠare	 ﾠavoided.	 ﾠHowever,	 ﾠ
major	 ﾠuncertainties	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠILUC	 ﾠand	 ﾠto	 ﾠa	 ﾠlesser	 ﾠdegree	 ﾠnitrous	 ﾠ
oxide	 ﾠemissions	 ﾠof	 ﾠbiofuels	 ﾠremain,	 ﾠand	 ﾠa	 ﾠcomprehensive	 ﾠpolicy	 ﾠstrategy	 ﾠfor	 ﾠ
this	 ﾠissue	 ﾠis	 ﾠlacking.	 ﾠFurther	 ﾠresearch	 ﾠis	 ﾠneeded	 ﾠto	 ﾠcontinuously	 ﾠincrease	 ﾠthe	 ﾠ
data	 ﾠaccuracy	 ﾠon	 ﾠILUC	 ﾠand	 ﾠupdate	 ﾠthe	 ﾠlook-ﾭ‐up	 ﾠtable.	 ﾠ	 ﾠ
4.  Inconsistency	 ﾠin	 ﾠsetting	 ﾠincentives.	 ﾠ	 ﾠElectric	 ﾠutilities	 ﾠgenerate	 ﾠcredits	 ﾠby	 ﾠ
fueling	 ﾠelectric	 ﾠcars.	 ﾠUtilities	 ﾠare	 ﾠcredited	 ﾠwith	 ﾠthe	 ﾠcarbon	 ﾠintensity	 ﾠgain	 ﾠ
between	 ﾠgasoline	 ﾠand	 ﾠelectricity	 ﾠtimes	 ﾠfactor	 ﾠ3.	 ﾠAs	 ﾠaccounting	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠ
average	 ﾠelectricity	 ﾠmix,	 ﾠno	 ﾠsignificant	 ﾠincentive	 ﾠis	 ﾠgiven	 ﾠto	 ﾠreduce	 ﾠthe	 ﾠcarbon	 ﾠ
intensity	 ﾠof	 ﾠits	 ﾠelectricity	 ﾠmix.	 ﾠFurthermore,	 ﾠthose	 ﾠwho	 ﾠinvest	 ﾠinto	 ﾠlow	 ﾠcarbon	 ﾠ
technologies	 ﾠ(manufacturers	 ﾠof	 ﾠalternative	 ﾠvehicles)	 ﾠare	 ﾠnot	 ﾠrewarded	 ﾠbut	 ﾠ
instead	 ﾠare	 ﾠburdened	 ﾠwith	 ﾠ130	 ﾠg	 ﾠCO2	 ﾠper	 ﾠmile	 ﾠfrom	 ﾠthe	 ﾠupstream	 ﾠsupply	 ﾠ
chain.	 ﾠA	 ﾠmore	 ﾠencompassing	 ﾠinstrument	 ﾠwould	 ﾠalso	 ﾠincentivize	 ﾠthe	 ﾠelectricity	 ﾠ
sector.	 ﾠ	 ﾠ
Shuffling,	 ﾠleakage	 ﾠand	 ﾠperverse	 ﾠincentivizes	 ﾠcan	 ﾠhardly	 ﾠbe	 ﾠcured	 ﾠby	 ﾠdifferent	 ﾠ
design	 ﾠof	 ﾠLCFS	 ﾠand	 ﾠits	 ﾠEuropean	 ﾠcounterpart,	 ﾠthe	 ﾠFQD.	 ﾠIn	 ﾠfact,	 ﾠthese	 ﾠshortcoming	 ﾠ
motivate	 ﾠa	 ﾠcomplementary	 ﾠquantity-ﾭ‐based	 ﾠprice	 ﾠinstrument,	 ﾠsuch	 ﾠas	 ﾠcap-ﾭ‐and-ﾭ‐trade,	 ﾠ
as	 ﾠdiscussed	 ﾠin	 ﾠpart	 ﾠII	 ﾠof	 ﾠthis	 ﾠreport.	 ﾠHowever,	 ﾠthe	 ﾠspecific	 ﾠinconsistencies	 ﾠcan	 ﾠbe	 ﾠ
treated	 ﾠby	 ﾠchanges	 ﾠin	 ﾠdesign.	 ﾠLow	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠare	 ﾠmotivated	 ﾠby	 ﾠthe	 ﾠlack	 ﾠof	 ﾠ
low-ﾭ‐carbon	 ﾠfuel	 ﾠinfrastructure	 ﾠof	 ﾠfuel	 ﾠproviders.	 ﾠIf	 ﾠsuch	 ﾠa	 ﾠmarket	 ﾠfailure	 ﾠpersists,	 ﾠ
low	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠare	 ﾠjustified	 ﾠbut	 ﾠshould	 ﾠbe	 ﾠspecific	 ﾠin	 ﾠaddressing	 ﾠactors	 ﾠ
who	 ﾠbear	 ﾠresponsibility.	 ﾠFor	 ﾠexample,	 ﾠa	 ﾠLCFS	 ﾠmay	 ﾠfocus	 ﾠon	 ﾠliquid	 ﾠfuels.	 ﾠFeed-ﾭ‐in-ﾭ‐
tariffs	 ﾠor	 ﾠsimilar	 ﾠinstruments	 ﾠmay	 ﾠsimultaneously	 ﾠincentivize	 ﾠlow-ﾭ‐carbon	 ﾠresources	 ﾠ
in	 ﾠthe	 ﾠelectricity	 ﾠsector.	 ﾠ	 ﾠ
Here,	 ﾠwe	 ﾠend	 ﾠwith	 ﾠthe	 ﾠdiscussion	 ﾠof	 ﾠspecific	 ﾠpolicy	 ﾠinstruments	 ﾠin	 ﾠthe	 ﾠ
transport	 ﾠsector	 ﾠand	 ﾠhand	 ﾠover	 ﾠto	 ﾠa	 ﾠcomprehensive	 ﾠview	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠas	 ﾠa	 ﾠfully	 ﾠ
effective	 ﾠand	 ﾠefficient	 ﾠprice	 ﾠinstruments	 ﾠproviding	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠover	 ﾠall	 ﾠfuels.	 ﾠ
We	 ﾠwill	 ﾠdiscuss	 ﾠthe	 ﾠrole	 ﾠand	 ﾠinteraction	 ﾠof	 ﾠcurrent	 ﾠspecific	 ﾠand	 ﾠpotential	 ﾠeconomy-ﾭ‐
wide	 ﾠpolicy	 ﾠinstruments	 ﾠin	 ﾠChapter	 ﾠ7.	 ﾠ	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 ﾠ
Part II: Closing the policy gap with cap-and-
trade 
Part	 ﾠII	 ﾠinvestigates	 ﾠthe	 ﾠrationale,	 ﾠdesign	 ﾠand	 ﾠeconomic	 ﾠimpacts	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠfor	 ﾠroad	 ﾠtransportation.	 ﾠChapter	 ﾠ5.1	 ﾠreviews	 ﾠthe	 ﾠcentral	 ﾠrole	 ﾠof	 ﾠmarket-ﾭ‐based	 ﾠ
instruments	 ﾠin	 ﾠthe	 ﾠclimate	 ﾠpolicy	 ﾠinstrument	 ﾠmix.	 ﾠChapter	 ﾠ5.2	 ﾠexamines	 ﾠthe	 ﾠchoice	 ﾠ
between	 ﾠfuel	 ﾠtaxes	 ﾠand	 ﾠemission	 ﾠtrading	 ﾠas	 ﾠcarbon	 ﾠpricing	 ﾠtools.	 ﾠChapter	 ﾠ6.1	 ﾠ
proceeds	 ﾠto	 ﾠdiscuss	 ﾠcentral	 ﾠdesign	 ﾠelements	 ﾠof	 ﾠa	 ﾠroad	 ﾠtransport	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠ
system.	 ﾠChapter	 ﾠ6.2	 ﾠapplies	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠ(MACC)	 ﾠto	 ﾠanalyze	 ﾠ
economic	 ﾠimpacts	 ﾠof	 ﾠEuropean	 ﾠroad	 ﾠtransport	 ﾠinclusion	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠin	 ﾠterms	 ﾠof	 ﾠ
EUA	 ﾠprice	 ﾠchanges	 ﾠand	 ﾠshifts	 ﾠin	 ﾠsectoral	 ﾠabatement.	 ﾠChapter	 ﾠ6.3	 ﾠestimates	 ﾠthe	 ﾠ
quantitative	 ﾠimpact	 ﾠof	 ﾠexisting	 ﾠtransport	 ﾠclimate	 ﾠpolicies	 ﾠon	 ﾠ2020	 ﾠtargets,	 ﾠand	 ﾠhence	 ﾠ
potential	 ﾠinclusive	 ﾠemission	 ﾠtrading	 ﾠschemes,	 ﾠin	 ﾠEurope,	 ﾠUSA	 ﾠand	 ﾠCalifornia.	 ﾠFinally,	 ﾠ
chapter	 ﾠ6.4	 ﾠreviews	 ﾠthe	 ﾠoption	 ﾠof	 ﾠlinking	 ﾠregional	 ﾠETS	 ﾠcomprising	 ﾠroad	 ﾠ
transportation.	 ﾠ	 ﾠ
5. Why market-based instruments are essential 
Summary	 ﾠChapter	 ﾠ5	 ﾠ
•  Compared	 ﾠto	 ﾠstandards,	 ﾠmarket-ﾭ‐based	 ﾠinstruments	 ﾠare	 ﾠbetter	 ﾠsuited	 ﾠto	 ﾠ
internalize	 ﾠthe	 ﾠclimate	 ﾠexternality.	 ﾠThey	 ﾠincentivize	 ﾠall	 ﾠabatement	 ﾠoptions	 ﾠat	 ﾠ
harmonized	 ﾠmarginal	 ﾠabatement	 ﾠcosts,	 ﾠeliminate	 ﾠrebound	 ﾠeffects,	 ﾠcreate	 ﾠa	 ﾠ
level	 ﾠplaying	 ﾠfield	 ﾠfor	 ﾠcompeting	 ﾠtechnologies,	 ﾠand	 ﾠfeature	 ﾠlower	 ﾠ
informational	 ﾠrequirements.	 ﾠWhere	 ﾠprice	 ﾠsignals	 ﾠare	 ﾠineffective,	 ﾠstandards	 ﾠ
have	 ﾠan	 ﾠessential	 ﾠcomplementary	 ﾠrole	 ﾠto	 ﾠplay	 ﾠ
•  With	 ﾠpolicymakers	 ﾠrelying	 ﾠon	 ﾠquantitative	 ﾠemission	 ﾠreduction	 ﾠtargets	 ﾠand	 ﾠ
implementing	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠfor	 ﾠother	 ﾠsectors	 ﾠin	 ﾠthe	 ﾠeconomy,	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠ
for	 ﾠroad	 ﾠtransport	 ﾠhas	 ﾠadvantages	 ﾠover	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠ	 ﾠ
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5.1.  Carbon	 ﾠpricing:	 ﾠcentral	 ﾠpillar	 ﾠin	 ﾠthe	 ﾠclimate	 ﾠpolicy	 ﾠportfolio	 ﾠ
Climate	 ﾠchange	 ﾠis	 ﾠappropriately	 ﾠcharacterized	 ﾠas	 ﾠthe	 ﾠ‘largest	 ﾠmarket	 ﾠfailure	 ﾠ
the	 ﾠworld	 ﾠhas	 ﾠever	 ﾠseen’	 ﾠ(Stern	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠThe	 ﾠstandard	 ﾠeconomic	 ﾠprescription	 ﾠfor	 ﾠ
addressing	 ﾠexternality-ﾭ‐related	 ﾠmarket	 ﾠfailures	 ﾠis	 ﾠputting	 ﾠa	 ﾠprice	 ﾠon	 ﾠthe	 ﾠharmful	 ﾠ
activity	 ﾠto	 ﾠcorrect	 ﾠthe	 ﾠsystem	 ﾠof	 ﾠrelative	 ﾠprices	 ﾠand	 ﾠeconomic	 ﾠincentives.	 ﾠHence,	 ﾠ
market-ﾭ‐based	 ﾠinstruments	 ﾠlike	 ﾠcarbon	 ﾠtaxes	 ﾠand	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠare	 ﾠan	 ﾠ
appropriate	 ﾠstarting	 ﾠpoint	 ﾠfor	 ﾠsystematically	 ﾠexamining	 ﾠclimate	 ﾠpolicy	 ﾠin	 ﾠthe	 ﾠroad	 ﾠ
transport	 ﾠsector.	 ﾠ	 ﾠ
In	 ﾠtheory,	 ﾠa	 ﾠprice	 ﾠon	 ﾠGHG	 ﾠemissions	 ﾠfrom	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠwill	 ﾠsignal	 ﾠ
producers	 ﾠand	 ﾠconsumers	 ﾠthe	 ﾠscarcity	 ﾠof	 ﾠthe	 ﾠatmospheric	 ﾠcarbon	 ﾠsink	 ﾠand	 ﾠ
incentivize	 ﾠall	 ﾠavailable	 ﾠprice-ﾭ‐responsive	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠfuel	 ﾠproduction	 ﾠ
(including	 ﾠintroduction	 ﾠof	 ﾠrenewables),	 ﾠcar	 ﾠmanufacturing,	 ﾠand	 ﾠroad	 ﾠtransport	 ﾠ
consumption	 ﾠ(see	 ﾠFigure	 ﾠ6).	 ﾠA	 ﾠcarbon	 ﾠprice	 ﾠwill	 ﾠtrigger	 ﾠall	 ﾠabatement	 ﾠoptions	 ﾠthat	 ﾠ
are	 ﾠcheaper	 ﾠthan	 ﾠthe	 ﾠcost	 ﾠof	 ﾠcomplying	 ﾠwith	 ﾠthe	 ﾠprice	 ﾠsignal,	 ﾠi.e.	 ﾠpaying	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠ
or	 ﾠdelivering	 ﾠvaluable	 ﾠemission	 ﾠallowances.	 ﾠEfficient	 ﾠclimate	 ﾠpolicy	 ﾠwill	 ﾠset	 ﾠa	 ﾠsingle	 ﾠ
harmonized	 ﾠGHG	 ﾠprice	 ﾠnot	 ﾠonly	 ﾠwithin,	 ﾠbut	 ﾠacross	 ﾠsectors	 ﾠand	 ﾠregions	 ﾠto	 ﾠensure	 ﾠthat	 ﾠ
the	 ﾠcheapest	 ﾠavailable	 ﾠabatement	 ﾠoptions	 ﾠare	 ﾠharnessed	 ﾠand	 ﾠmore	 ﾠexpensive	 ﾠ
measures	 ﾠneed	 ﾠnot	 ﾠbe	 ﾠutilized,	 ﾠthus	 ﾠminimizing	 ﾠwelfare	 ﾠlosses	 ﾠ(Böhringer	 ﾠet	 ﾠal.	 ﾠ
2009).	 ﾠIn	 ﾠtechnical	 ﾠeconomic	 ﾠjargon	 ﾠthis	 ﾠcondition	 ﾠfor	 ﾠstatic	 ﾠefficiency	 ﾠis	 ﾠcalled	 ﾠ
harmonization	 ﾠof	 ﾠmarginal	 ﾠabatement	 ﾠcosts	 ﾠ(MAC).	 ﾠCredibly	 ﾠannounced	 ﾠfuture	 ﾠ
carbon	 ﾠprices	 ﾠwill	 ﾠfoster	 ﾠdynamic	 ﾠefficiency	 ﾠby	 ﾠextending	 ﾠthe	 ﾠprice	 ﾠsignal	 ﾠover	 ﾠtime	 ﾠ
and	 ﾠstimulate	 ﾠresearch	 ﾠand	 ﾠdevelopment	 ﾠ(R&D)	 ﾠefforts,	 ﾠthe	 ﾠmarket	 ﾠintroduction	 ﾠof	 ﾠ
new	 ﾠtechnologies,	 ﾠand	 ﾠlonger	 ﾠterm	 ﾠbehavioral	 ﾠadjustments	 ﾠ(Edenhofer	 ﾠet	 ﾠal.	 ﾠ
2006/Jaffe	 ﾠand	 ﾠStavins).	 ﾠ	 ﾠ
Market-ﾭ‐based	 ﾠinstruments	 ﾠimplementing	 ﾠa	 ﾠharmonized	 ﾠprice	 ﾠon	 ﾠemissions	 ﾠ
are	 ﾠtechnology-ﾭ‐neutral	 ﾠand	 ﾠcreate	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠall	 ﾠfuel	 ﾠand	 ﾠtechnology	 ﾠ
chains	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector.	 ﾠThis	 ﾠaspect	 ﾠwill	 ﾠbecome	 ﾠincreasingly	 ﾠmore	 ﾠ
important	 ﾠas	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠand	 ﾠtechnologies	 ﾠwill	 ﾠbe	 ﾠmore	 ﾠdiverse	 ﾠin	 ﾠthe	 ﾠ
future	 ﾠand	 ﾠcompete	 ﾠwith	 ﾠeach	 ﾠother	 ﾠfor	 ﾠmarket	 ﾠshares	 ﾠ(Chapter	 ﾠ1.3).	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠ
Europe	 ﾠthe	 ﾠpower	 ﾠsector	 ﾠis	 ﾠalready	 ﾠincluded	 ﾠin	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠwhile	 ﾠgasoline	 ﾠand	 ﾠdiesel	 ﾠ
are	 ﾠnot	 ﾠfacing	 ﾠan	 ﾠexplicit	 ﾠcarbon	 ﾠprice.	 ﾠThis	 ﾠputs	 ﾠelectric	 ﾠvehicles	 ﾠon	 ﾠan	 ﾠasymmetric	 ﾠ
footing	 ﾠwith	 ﾠtraditional	 ﾠvehicle	 ﾠdrive	 ﾠtrains	 ﾠin	 ﾠterms	 ﾠof	 ﾠcarbon	 ﾠpricing.	 ﾠIn	 ﾠaddition,	 ﾠ
market-ﾭ‐based	 ﾠinstruments	 ﾠenable	 ﾠthe	 ﾠregulator	 ﾠto	 ﾠharmonize	 ﾠmarginal	 ﾠabatement	 ﾠ
costs	 ﾠwithin	 ﾠand	 ﾠacross	 ﾠsectors	 ﾠwithout	 ﾠneed	 ﾠfor	 ﾠassembling	 ﾠdetailed	 ﾠtechno-ﾭ‐
economic	 ﾠinformation,	 ﾠthus	 ﾠreducing	 ﾠinformational	 ﾠrequirements.	 ﾠ	 ﾠ
This	 ﾠcombination	 ﾠof	 ﾠefficiency,	 ﾠcomprehensiveness,	 ﾠtechnology-ﾭ‐neutrality	 ﾠ
and	 ﾠfrugality	 ﾠin	 ﾠterms	 ﾠof	 ﾠinformational	 ﾠrequirements	 ﾠdistinguishes	 ﾠmarket-ﾭ‐based	 ﾠ
instruments	 ﾠfrom	 ﾠthe	 ﾠmore	 ﾠtargeted	 ﾠnon-ﾭ‐market	 ﾠapproaches	 ﾠdiscussed	 ﾠin	 ﾠPart	 ﾠI	 ﾠof	 ﾠ
this	 ﾠstudy.	 ﾠBy	 ﾠdesign,	 ﾠstandards	 ﾠfail	 ﾠto	 ﾠefficiently	 ﾠincentivize	 ﾠall	 ﾠabatement	 ﾠ
opportunities	 ﾠand	 ﾠinvolve	 ﾠsignificant	 ﾠinformational	 ﾠrequirements	 ﾠto	 ﾠbe	 ﾠefficient.	 ﾠ
Thus,	 ﾠcarbon	 ﾠpricing	 ﾠlends	 ﾠitself	 ﾠas	 ﾠthe	 ﾠappropriate	 ﾠcentral	 ﾠpillar	 ﾠin	 ﾠthe	 ﾠclimate	 ﾠ  40	 ﾠ
policy	 ﾠinstrument	 ﾠmix.	 ﾠOn	 ﾠthese	 ﾠgrounds	 ﾠeconomists	 ﾠsuch	 ﾠas	 ﾠWilliam	 ﾠNordhaus	 ﾠ
(2008)	 ﾠand	 ﾠNicholas	 ﾠStern	 ﾠ(2007),	 ﾠin	 ﾠdisagreement	 ﾠover	 ﾠa	 ﾠnumber	 ﾠof	 ﾠkey	 ﾠissues	 ﾠ
regarding	 ﾠthe	 ﾠeconomics	 ﾠof	 ﾠclimate	 ﾠchange,	 ﾠagree	 ﾠthat	 ﾠcarbon	 ﾠpricing	 ﾠis	 ﾠthe	 ﾠcentral	 ﾠ
element	 ﾠof	 ﾠany	 ﾠclimate	 ﾠpolicy	 ﾠinstrument	 ﾠportfolio.	 ﾠ	 ﾠ
However,	 ﾠcarbon	 ﾠpricing	 ﾠis	 ﾠnot	 ﾠa	 ﾠpanacea	 ﾠand	 ﾠnon-ﾭ‐market	 ﾠpolicies	 ﾠhave	 ﾠan	 ﾠ
important	 ﾠrole	 ﾠto	 ﾠplay.	 ﾠIn	 ﾠpresence	 ﾠof	 ﾠplausible	 ﾠand	 ﾠwell-ﾭ‐established	 ﾠmarket	 ﾠ
imperfections	 ﾠthat	 ﾠexist	 ﾠin	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠoriginal	 ﾠGHG	 ﾠexternality	 ﾠ(Chapter	 ﾠ2.3),	 ﾠ
complementary	 ﾠpolicy	 ﾠinstruments	 ﾠwill	 ﾠbe	 ﾠrequired	 ﾠto	 ﾠensure	 ﾠefficiency,	 ﾠeven	 ﾠif	 ﾠ
non-ﾭ‐price	 ﾠregulations	 ﾠentail	 ﾠthe	 ﾠpeculiar	 ﾠchallenges	 ﾠdiscussed	 ﾠabove	 ﾠ(Fischer	 ﾠand	 ﾠ
Newell	 ﾠ2008).	 ﾠThe	 ﾠbasic	 ﾠreason	 ﾠis	 ﾠthat	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpolicy	 ﾠobjectives	 ﾠ(e.g.	 ﾠ
internalization	 ﾠof	 ﾠexternalities)	 ﾠneeds	 ﾠto	 ﾠbe	 ﾠmatched	 ﾠby	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpolicy	 ﾠ
instruments	 ﾠ(Tinbergen	 ﾠ1952).	 ﾠA	 ﾠsingle	 ﾠpolicy	 ﾠinstrument	 ﾠcannot	 ﾠbe	 ﾠspecified	 ﾠso	 ﾠas	 ﾠ
to	 ﾠoptimally	 ﾠaddress	 ﾠeach	 ﾠof	 ﾠseveral	 ﾠmarket	 ﾠfailures	 ﾠ(Knudson	 ﾠ2009).	 ﾠTherefore,	 ﾠ
where	 ﾠwell-ﾭ‐established	 ﾠmarket	 ﾠimperfections	 ﾠinhibit	 ﾠefficient	 ﾠcarbon	 ﾠprice	 ﾠ
responses	 ﾠby	 ﾠrelevant	 ﾠactors,	 ﾠcomplementary	 ﾠpolicy	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠare	 ﾠrequired	 ﾠin	 ﾠthe	 ﾠclimate	 ﾠpolicy	 ﾠinstrument	 ﾠmix.	 ﾠ	 ﾠ
Having	 ﾠestablished	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠmarket-ﾭ‐based	 ﾠinstruments	 ﾠas	 ﾠa	 ﾠkey	 ﾠelement	 ﾠ
in	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠclimate	 ﾠpolicy	 ﾠportfolio,	 ﾠwe	 ﾠbriefly	 ﾠdiscuss	 ﾠthree	 ﾠconcerns	 ﾠthat	 ﾠ
are	 ﾠoften	 ﾠput	 ﾠforward	 ﾠagainst	 ﾠits	 ﾠapplication:	 ﾠ	 ﾠ
i)  There	 ﾠwill	 ﾠbe	 ﾠadverse	 ﾠinteraction	 ﾠwith	 ﾠpre-ﾭ‐existing	 ﾠfuel	 ﾠtaxes	 ﾠ
ii)  Market-ﾭ‐based	 ﾠinstruments	 ﾠdo	 ﾠnot	 ﾠsignificantly	 ﾠaffect	 ﾠabatement	 ﾠand	 ﾠ
with	 ﾠstandards	 ﾠalready	 ﾠin	 ﾠplace,	 ﾠthey	 ﾠare	 ﾠredundant	 ﾠ
iii)  Market-ﾭ‐based	 ﾠinstruments	 ﾠfail	 ﾠto	 ﾠset	 ﾠdynamically	 ﾠefficient	 ﾠincentives	 ﾠ
Adverse	 ﾠinteraction	 ﾠwith	 ﾠpre-ﾭ‐existing	 ﾠfuel	 ﾠtaxes	 ﾠ
It	 ﾠis	 ﾠsometimes	 ﾠargued	 ﾠthat	 ﾠexisting	 ﾠlevels	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠfuel	 ﾠtaxation	 ﾠ
especially	 ﾠin	 ﾠEurope	 ﾠare	 ﾠalready	 ﾠvery	 ﾠhigh,	 ﾠand	 ﾠthat	 ﾠfurther	 ﾠincreases	 ﾠare	 ﾠnot	 ﾠ
expedient	 ﾠfrom	 ﾠan	 ﾠeconomic	 ﾠperspective	 ﾠ(e.g.	 ﾠPaltsev	 ﾠet	 ﾠal.	 ﾠ2004;	 ﾠAbrell	 ﾠ2009).	 ﾠIn	 ﾠ
Germany,	 ﾠaggregate	 ﾠgasoline	 ﾠtaxes	 ﾠ(mineral	 ﾠoil	 ﾠtax	 ﾠplus	 ﾠVAT)	 ﾠamounted	 ﾠto	 ﾠ
0.85€/liter	 ﾠ(2.59$/gal)	 ﾠon	 ﾠaverage	 ﾠin	 ﾠ2009	 ﾠ(MWV	 ﾠ2010).	 ﾠThis	 ﾠcorresponds	 ﾠto	 ﾠ367€	 ﾠ
(455$)	 ﾠper	 ﾠton	 ﾠof	 ﾠCO2	 ﾠcontained	 ﾠin	 ﾠgasoline..4	 ﾠ	 ﾠ
However,	 ﾠroad	 ﾠtransport	 ﾠgenerates	 ﾠseveral	 ﾠnegative	 ﾠ(non-ﾭ‐climate)	 ﾠ
externalities	 ﾠthat	 ﾠare	 ﾠaddressed	 ﾠvia	 ﾠPigovian	 ﾠfuel	 ﾠtaxes	 ﾠand	 ﾠother	 ﾠpolicy	 ﾠinstruments	 ﾠ
(Parry	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠstate	 ﾠgenerally	 ﾠneeds	 ﾠto	 ﾠraise	 ﾠrevenues	 ﾠto	 ﾠfinance	 ﾠ
public	 ﾠgoods,	 ﾠincluding	 ﾠroad	 ﾠinfrastructure.	 ﾠThe	 ﾠaggregate	 ﾠoptimal5	 ﾠtransport	 ﾠfuel	 ﾠ
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4	 ﾠCombustion	 ﾠof	 ﾠone	 ﾠlitre	 ﾠgasoline	 ﾠleads	 ﾠto	 ﾠ2.315	 ﾠkg	 ﾠCO2	 ﾠemissions	 ﾠ(Carbon	 ﾠTrust	 ﾠ2008).	 ﾠThroughout	 ﾠ
part	 ﾠII,	 ﾠthe	 ﾠexchange	 ﾠrate	 ﾠfrom	 ﾠ€	 ﾠto	 ﾠUS$	 ﾠis	 ﾠ1.24	 ﾠ(ECB	 ﾠ2010).	 ﾠ	 ﾠ
5	 ﾠIf	 ﾠthe	 ﾠfuel	 ﾠtax	 ﾠis	 ﾠused	 ﾠto	 ﾠtackle	 ﾠdifferent	 ﾠexternalities	 ﾠsimultaneously,	 ﾠit	 ﾠis	 ﾠprincipally	 ﾠnot	 ﾠpossible	 ﾠto	 ﾠ
achieve	 ﾠthe	 ﾠfirst	 ﾠbest	 ﾠoutcome	 ﾠas	 ﾠargued	 ﾠabove	 ﾠ(Tinbergen	 ﾠ1952;	 ﾠKnudson	 ﾠ2009).	 ﾠAlso,	 ﾠthe	 ﾠfuel	 ﾠtax	 ﾠ
can	 ﾠonly	 ﾠindirectly	 ﾠcontrol	 ﾠsome	 ﾠimportant	 ﾠexternalities	 ﾠsuch	 ﾠas	 ﾠcongestion,	 ﾠaccidents,	 ﾠnoise,	 ﾠand	 ﾠ  41	 ﾠ
tax	 ﾠhence	 ﾠderives	 ﾠfrom	 ﾠthe	 ﾠcombination	 ﾠof	 ﾠseveral	 ﾠPigovian	 ﾠfuel	 ﾠtax	 ﾠelements,	 ﾠplus	 ﾠ
the	 ﾠrationale	 ﾠfor	 ﾠraising	 ﾠfunds	 ﾠfor	 ﾠpublic	 ﾠgoods	 ﾠ(Parry	 ﾠand	 ﾠSmall	 ﾠ2005).	 ﾠSpecification	 ﾠ
of	 ﾠthe	 ﾠoptimal	 ﾠlevel	 ﾠof	 ﾠthe	 ﾠPigovian	 ﾠfuel	 ﾠtax	 ﾠis	 ﾠsubject	 ﾠto	 ﾠsubstantial	 ﾠdebate	 ﾠas	 ﾠit	 ﾠ
involves	 ﾠthe	 ﾠidentification	 ﾠand	 ﾠcontested	 ﾠevaluation	 ﾠof	 ﾠnegative	 ﾠexternalities	 ﾠsuch	 ﾠas	 ﾠ
noise,	 ﾠaccidents,	 ﾠcongestion,	 ﾠenergy	 ﾠsecurity	 ﾠ(including	 ﾠmonopsonic	 ﾠbehavior	 ﾠvis-ﾭ‐à-ﾭ‐
vis	 ﾠOPEC),	 ﾠsocial	 ﾠcosts	 ﾠof	 ﾠMiddle	 ﾠEast	 ﾠconflict,	 ﾠand	 ﾠthe	 ﾠless	 ﾠtangible	 ﾠcost	 ﾠof	 ﾠother	 ﾠ
geopolitical	 ﾠconflicts	 ﾠ(Parry	 ﾠet	 ﾠal.	 ﾠ2007).	 ﾠConceptually,	 ﾠif	 ﾠexternalities	 ﾠare	 ﾠnot	 ﾠ
correlated	 ﾠwith	 ﾠeach	 ﾠother	 ﾠthe	 ﾠoptimal	 ﾠfuel	 ﾠtax	 ﾠis	 ﾠequal	 ﾠto	 ﾠthe	 ﾠsum	 ﾠof	 ﾠmarginal	 ﾠcosts	 ﾠ
of	 ﾠthe	 ﾠexternalities,	 ﾠand	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠwould	 ﾠsimply	 ﾠbe	 ﾠadded	 ﾠto	 ﾠthe	 ﾠaggregate	 ﾠ
Pigovian	 ﾠtax	 ﾠ(Newbery	 ﾠ1992)	 ﾠ
Optimal	 ﾠtaxation	 ﾠconsiderations	 ﾠalso	 ﾠtouch	 ﾠupon	 ﾠthe	 ﾠquestion	 ﾠof	 ﾠoptimal	 ﾠ
instrument	 ﾠchoice.	 ﾠSome	 ﾠexternalities	 ﾠ(local	 ﾠair	 ﾠpollution,	 ﾠcongestion,	 ﾠaccidents)	 ﾠare	 ﾠ
related	 ﾠto	 ﾠdistance	 ﾠor	 ﾠarea	 ﾠand	 ﾠtime	 ﾠof	 ﾠday	 ﾠtravelled	 ﾠrather	 ﾠthan	 ﾠfuel	 ﾠconsumption.	 ﾠ
Road	 ﾠtolls	 ﾠwould	 ﾠbe	 ﾠthe	 ﾠmore	 ﾠappropriate	 ﾠtools	 ﾠto	 ﾠtackle	 ﾠthese.	 ﾠWhere	 ﾠthese	 ﾠ
alternative	 ﾠinstruments	 ﾠare	 ﾠnot	 ﾠconsidered	 ﾠfeasible,	 ﾠfuel	 ﾠtaxes	 ﾠare	 ﾠusually	 ﾠused	 ﾠas	 ﾠa	 ﾠ
reasonable	 ﾠproxy	 ﾠ(Sterner	 ﾠ2003).	 ﾠFor	 ﾠtackling	 ﾠthe	 ﾠGHG	 ﾠexternality	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠ
fuels,	 ﾠcarbon	 ﾠpricing	 ﾠis	 ﾠwidely	 ﾠconsidered	 ﾠthe	 ﾠperfect	 ﾠpolicy	 ﾠinstrument	 ﾠ(e.g.	 ﾠParry	 ﾠet	 ﾠ
al.	 ﾠ2007;	 ﾠSterner	 ﾠ2003).	 ﾠ
Some	 ﾠanalysts	 ﾠfind	 ﾠthat	 ﾠpresent	 ﾠEuropean	 ﾠUnion	 ﾠfuel	 ﾠtax	 ﾠlevels	 ﾠare	 ﾠnot	 ﾠ
justified	 ﾠby	 ﾠtransport	 ﾠexternalities	 ﾠand	 ﾠgeneral	 ﾠtaxation	 ﾠrequirements	 ﾠ(e.g.	 ﾠPaltsev	 ﾠet	 ﾠ
al.	 ﾠ2004;	 ﾠParry	 ﾠand	 ﾠSmall	 ﾠ2005)	 ﾠwhile	 ﾠothers	 ﾠconsider	 ﾠEU	 ﾠfuel	 ﾠtaxes	 ﾠas	 ﾠtoo	 ﾠlow	 ﾠ
(Sterner	 ﾠ2007;	 ﾠProost	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠIn	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠfuel	 ﾠtaxes	 ﾠare	 ﾠmuch	 ﾠlower	 ﾠ
than	 ﾠin	 ﾠEurope	 ﾠat	 ﾠaround	 ﾠ0.08€/liter	 ﾠ(0.24$/gal)	 ﾠ(EIA	 ﾠ2010)	 ﾠand	 ﾠthere	 ﾠis	 ﾠagreement	 ﾠ
that	 ﾠthis	 ﾠlevel	 ﾠis	 ﾠnot	 ﾠoverly	 ﾠhigh	 ﾠ(Paltsev	 ﾠet	 ﾠal.	 ﾠ2004),	 ﾠwith	 ﾠsome	 ﾠanalysts	 ﾠarguing	 ﾠ
that	 ﾠUS	 ﾠfuel	 ﾠtaxes	 ﾠshould	 ﾠbe	 ﾠraised	 ﾠ(Parry	 ﾠand	 ﾠSmall	 ﾠ2005).	 ﾠThis	 ﾠreport	 ﾠassumes	 ﾠthat	 ﾠ
governments	 ﾠmust	 ﾠview	 ﾠcurrent	 ﾠtaxes	 ﾠto	 ﾠbe	 ﾠoptimal,	 ﾠotherwise	 ﾠthey	 ﾠwould	 ﾠhave	 ﾠ
changed	 ﾠthem	 ﾠ(Newbery,	 ﾠ1992).	 ﾠWhere	 ﾠcarbon	 ﾠtaxes	 ﾠare	 ﾠnot	 ﾠalready	 ﾠimplemented,	 ﾠa	 ﾠ
price	 ﾠon	 ﾠcarbon	 ﾠwould	 ﾠadd	 ﾠto	 ﾠthe	 ﾠcurrent	 ﾠfuel	 ﾠtax.	 ﾠ	 ﾠ
Redundancy	 ﾠand	 ﾠlack	 ﾠof	 ﾠscale	 ﾠ
In	 ﾠthe	 ﾠextreme	 ﾠcase	 ﾠof	 ﾠstrong	 ﾠnon-ﾭ‐price	 ﾠregulations	 ﾠthere	 ﾠis	 ﾠa	 ﾠconcern	 ﾠthat	 ﾠ
carbon	 ﾠpricing	 ﾠis	 ﾠobsolete	 ﾠif	 ﾠall	 ﾠavailable	 ﾠoptions	 ﾠare	 ﾠexogenously	 ﾠtriggered	 ﾠby	 ﾠ
standards	 ﾠ(Kågesson	 ﾠ2008).	 ﾠIndeed,	 ﾠthe	 ﾠanalysis	 ﾠof	 ﾠnon-ﾭ‐market	 ﾠpolicies	 ﾠin	 ﾠthe	 ﾠ
European	 ﾠUnion,	 ﾠUnited	 ﾠStates	 ﾠand	 ﾠCalifornia	 ﾠin	 ﾠSection	 ﾠ6.3	 ﾠdemonstrates	 ﾠthat	 ﾠ
substantial	 ﾠemission	 ﾠreductions	 ﾠcan	 ﾠbe	 ﾠexpected.	 ﾠ	 ﾠ
But	 ﾠthere	 ﾠare	 ﾠtwo	 ﾠarguments	 ﾠagainst	 ﾠthis	 ﾠobjection.	 ﾠFirst,	 ﾠunder	 ﾠincomplete	 ﾠ
information	 ﾠthere	 ﾠcan	 ﾠbe	 ﾠunanticipated	 ﾠabatement	 ﾠpotentials	 ﾠthat	 ﾠare	 ﾠnot	 ﾠcaptured	 ﾠ
by	 ﾠstandards	 ﾠbut	 ﾠwould	 ﾠbe	 ﾠinduced	 ﾠby	 ﾠcarbon	 ﾠpricing.	 ﾠSecond,	 ﾠPart	 ﾠI	 ﾠdemonstrated	 ﾠ
that	 ﾠeven	 ﾠa	 ﾠcombination	 ﾠof	 ﾠstandards	 ﾠwill	 ﾠlikely	 ﾠfail	 ﾠto	 ﾠincentivize	 ﾠall	 ﾠavailable	 ﾠ
abatement	 ﾠoptions,	 ﾠin	 ﾠparticular	 ﾠdemand	 ﾠside	 ﾠreductions.	 ﾠ	 ﾠ
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 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
local	 ﾠair	 ﾠpollution.	 ﾠHence,	 ﾠa	 ﾠfuel	 ﾠtax	 ﾠtackling	 ﾠseveral	 ﾠand	 ﾠonly	 ﾠindirectly	 ﾠrelated	 ﾠexternalities	 ﾠcan	 ﾠbe	 ﾠ
optimal	 ﾠin	 ﾠa	 ﾠsecond-ﾭ‐best	 ﾠsense	 ﾠonly	 ﾠ(Parry	 ﾠand	 ﾠSmall	 ﾠ2005).	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This	 ﾠpoint	 ﾠis	 ﾠillustrated	 ﾠby	 ﾠFigure	 ﾠ9.	 ﾠIt	 ﾠshows	 ﾠan	 ﾠaggregate	 ﾠMAC	 ﾠcurve	 ﾠ
(MACC)	 ﾠfrom	 ﾠCE	 ﾠDelft	 ﾠ(Blom	 ﾠet	 ﾠal.	 ﾠ2007)	 ﾠfor	 ﾠroad	 ﾠtransportation,	 ﾠand	 ﾠits	 ﾠ
decomposition	 ﾠinto	 ﾠtwo	 ﾠMACCs	 ﾠcomprising	 ﾠonly	 ﾠtechnical	 ﾠabatement	 ﾠoptions	 ﾠand	 ﾠ
behavioral	 ﾠadjustments.	 ﾠThe	 ﾠbehavioral	 ﾠMACC	 ﾠis	 ﾠbased	 ﾠon	 ﾠa	 ﾠconstant	 ﾠprice	 ﾠelasticity	 ﾠ
of	 ﾠfuel	 ﾠdemand	 ﾠof	 ﾠ0.2,	 ﾠi.e.	 ﾠa	 ﾠ10%	 ﾠincrease	 ﾠin	 ﾠfuel	 ﾠprice	 ﾠwould	 ﾠinduce	 ﾠ2%	 ﾠreduction	 ﾠof	 ﾠ
fuel	 ﾠconsumption.	 ﾠEven	 ﾠif	 ﾠall	 ﾠof	 ﾠthe	 ﾠtechnical	 ﾠmeasures	 ﾠare	 ﾠimplemented	 ﾠby	 ﾠmeans	 ﾠof	 ﾠ
standards,	 ﾠthe	 ﾠdemand	 ﾠside	 ﾠMACC	 ﾠis	 ﾠstill	 ﾠresponsive	 ﾠto	 ﾠa	 ﾠcarbon	 ﾠprice.	 ﾠHence,	 ﾠ
carbon	 ﾠpricing	 ﾠis	 ﾠnot	 ﾠobsolete	 ﾠeven	 ﾠin	 ﾠpresence	 ﾠof	 ﾠstrong	 ﾠtechnology	 ﾠstandards.	 ﾠ
Finally,	 ﾠstandards	 ﾠcannot	 ﾠaddress	 ﾠrebound	 ﾠeffects	 ﾠ(chapter	 ﾠ3.2)	 ﾠwhile	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠ
will	 ﾠdo	 ﾠso	 ﾠas	 ﾠthey	 ﾠdirectly	 ﾠcontrol	 ﾠthe	 ﾠvolume	 ﾠof	 ﾠemissions.	 ﾠ
	 ﾠ
Figure 9: The CE Delft road transport marginal abatement cost curve as an aggregate, and 
decomposed into technical and demand side behavioral options. Even if all technical 
measures are implemented via standards, there is still a behavioral response to a price on 
carbon.  
	 ﾠ
It	 ﾠis	 ﾠsometimes	 ﾠargued	 ﾠthat	 ﾠthe	 ﾠbehavioral	 ﾠresponse	 ﾠto	 ﾠgasoline	 ﾠfuel	 ﾠprice	 ﾠ
increases	 ﾠof	 ﾠ0.035-ﾭ‐0.07	 ﾠ€/liter	 ﾠ(0.10-ﾭ‐0.20$/gal)	 ﾠresulting	 ﾠfrom	 ﾠa	 ﾠcarbon	 ﾠprices	 ﾠof	 ﾠ
15-ﾭ‐30€	 ﾠ(19-ﾭ‐37$)	 ﾠper	 ﾠton	 ﾠCO2e	 ﾠare	 ﾠ‘too	 ﾠsmall’	 ﾠto	 ﾠtrigger	 ﾠ‘substantial’	 ﾠquantities	 ﾠof	 ﾠ
abatement	 ﾠ(Ellerman	 ﾠet	 ﾠal.	 ﾠ2010,	 ﾠp.22).	 ﾠBut	 ﾠempirical	 ﾠstudies	 ﾠof	 ﾠfuel	 ﾠprice	 ﾠelasticities	 ﾠ
show	 ﾠthat	 ﾠon	 ﾠaggregate	 ﾠpeople	 ﾠand	 ﾠcompanies	 ﾠdo	 ﾠindeed	 ﾠrespond	 ﾠto	 ﾠfuel	 ﾠprice	 ﾠ
changes,	 ﾠwith	 ﾠshort-ﾭ‐term	 ﾠelasticities	 ﾠof	 ﾠ0.25	 ﾠand	 ﾠlong-ﾭ‐term	 ﾠelasticities	 ﾠof	 ﾠ0.64	 ﾠ
(Goodwin	 ﾠet	 ﾠal	 ﾠ2004;	 ﾠa	 ﾠprice	 ﾠelasticity	 ﾠof	 ﾠ0.25	 ﾠmeans	 ﾠthat	 ﾠ1%	 ﾠfuel	 ﾠprice	 ﾠincrease	 ﾠlead	 ﾠ
to	 ﾠ0.25%	 ﾠreduction	 ﾠof	 ﾠfuel	 ﾠdemand).	 ﾠIn	 ﾠaddition,	 ﾠclassifying	 ﾠprice	 ﾠincreases	 ﾠas	 ﾠ‘small’	 ﾠ
requires	 ﾠa	 ﾠbenchmark.	 ﾠOne	 ﾠproper	 ﾠbenchmark	 ﾠis	 ﾠthe	 ﾠprice	 ﾠthat	 ﾠis	 ﾠrequired	 ﾠto	 ﾠ
achieve	 ﾠthe	 ﾠenvironmental	 ﾠbenchmark.	 ﾠWith	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠin	 ﾠplace	 ﾠthe	 ﾠ
amount	 ﾠof	 ﾠemissions	 ﾠis	 ﾠdetermined	 ﾠby	 ﾠthe	 ﾠcap,	 ﾠand	 ﾠthe	 ﾠcarbon	 ﾠprice	 ﾠwill	 ﾠadjust	 ﾠ
automatically	 ﾠto	 ﾠensure	 ﾠgoal	 ﾠattainment	 ﾠ(alternatively,	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠcan	 ﾠbe	 ﾠadjusted	 ﾠ
to	 ﾠachieve	 ﾠa	 ﾠquantity	 ﾠgoal).	 ﾠIf	 ﾠ‘low’	 ﾠcarbon	 ﾠprices	 ﾠsuffice	 ﾠto	 ﾠmeet	 ﾠthe	 ﾠenvironmental	 ﾠ  43	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target	 ﾠthis	 ﾠis	 ﾠnot	 ﾠa	 ﾠsign	 ﾠof	 ﾠclimate	 ﾠpolicy	 ﾠfailure	 ﾠbut	 ﾠan	 ﾠindication	 ﾠof	 ﾠsufficient	 ﾠlow-ﾭ‐
cost	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠthe	 ﾠsystem.	 ﾠSpecification	 ﾠof	 ﾠthe	 ﾠenvironmental	 ﾠtarget	 ﾠis	 ﾠan	 ﾠ
important	 ﾠbut	 ﾠseparate	 ﾠquestion	 ﾠfrom	 ﾠthat	 ﾠof	 ﾠpolicy	 ﾠinstrument	 ﾠchoice.	 ﾠA	 ﾠbottom-ﾭ‐up	 ﾠ
rationale	 ﾠon	 ﾠthe	 ﾠcomplementary	 ﾠbetween	 ﾠmarket-ﾭ‐based	 ﾠon	 ﾠnon-ﾭ‐market-ﾭ‐based	 ﾠ
instruments	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠclimate	 ﾠregulation	 ﾠis	 ﾠgiven	 ﾠin	 ﾠthe	 ﾠcompanion	 ﾠpaper	 ﾠ
(Creutzig	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
Dynamic	 ﾠefficiency	 ﾠ
In	 ﾠview	 ﾠof	 ﾠthe	 ﾠscale	 ﾠof	 ﾠthe	 ﾠchallenge	 ﾠof	 ﾠdecarbonizing	 ﾠroad	 ﾠtransportation	 ﾠ
over	 ﾠthe	 ﾠcourse	 ﾠof	 ﾠthe	 ﾠ21st	 ﾠcentury	 ﾠ(Chapter	 ﾠ1.1),	 ﾠit	 ﾠis	 ﾠsometimes	 ﾠargued	 ﾠthat	 ﾠ
market-ﾭ‐based	 ﾠinstruments	 ﾠare	 ﾠinsufficient	 ﾠto	 ﾠtrigger	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠnon-ﾭ‐marginal	 ﾠ
technological	 ﾠchange	 ﾠthat	 ﾠwill	 ﾠbe	 ﾠrequired.	 ﾠ	 ﾠ
But	 ﾠfor	 ﾠstringent	 ﾠclimate	 ﾠpolicies	 ﾠcarbon	 ﾠprices	 ﾠare	 ﾠexpected	 ﾠto	 ﾠrise	 ﾠover	 ﾠthe	 ﾠ
21st	 ﾠcentury	 ﾠ(Edenhofer,	 ﾠKnopf	 ﾠet	 ﾠal.	 ﾠ2010),	 ﾠand	 ﾠinnovators	 ﾠwill	 ﾠanticipate	 ﾠthis	 ﾠ
development.	 ﾠConsumers	 ﾠwho	 ﾠhave	 ﾠto	 ﾠpay	 ﾠfor	 ﾠGHG-ﾭ‐intensive	 ﾠfuels	 ﾠwill	 ﾠbe	 ﾠwilling	 ﾠto	 ﾠ
invest	 ﾠin	 ﾠmore	 ﾠefficient	 ﾠcapital	 ﾠin	 ﾠorder	 ﾠto	 ﾠevade	 ﾠthese	 ﾠcosts.	 ﾠThus,	 ﾠthey	 ﾠwill	 ﾠtake	 ﾠ
rising	 ﾠcosts	 ﾠof	 ﾠcarbon	 ﾠinto	 ﾠaccount	 ﾠin	 ﾠtheir	 ﾠinvestment	 ﾠand	 ﾠdevelopment	 ﾠdecisions.	 ﾠ
However,	 ﾠthere	 ﾠare	 ﾠplausible	 ﾠmarket	 ﾠfailures	 ﾠthat	 ﾠsuggest	 ﾠthat	 ﾠmarket-ﾭ‐based	 ﾠ
policies	 ﾠalone	 ﾠare	 ﾠinsufficient	 ﾠto	 ﾠensure	 ﾠdynamic	 ﾠefficiency	 ﾠ(i.e.	 ﾠoptimal	 ﾠ
technological	 ﾠchange)	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠabatement.	 ﾠ	 ﾠThese	 ﾠinclude	 ﾠconcerns	 ﾠover	 ﾠ
the	 ﾠcredibility	 ﾠand	 ﾠlong-ﾭ‐term	 ﾠincentive	 ﾠeffect	 ﾠof	 ﾠcarbon	 ﾠpricing	 ﾠ(Brunner	 ﾠet	 ﾠal.	 ﾠ2010),	 ﾠ
socially	 ﾠbeneficial	 ﾠR&D	 ﾠspillovers	 ﾠthat	 ﾠprivate	 ﾠactors	 ﾠdo	 ﾠnot	 ﾠaccount	 ﾠfor	 ﾠ(Fischer	 ﾠand	 ﾠ
Newell	 ﾠ2008),	 ﾠor	 ﾠthe	 ﾠanticipation	 ﾠthat	 ﾠconsumers	 ﾠwill	 ﾠnot	 ﾠreward	 ﾠenergy	 ﾠand	 ﾠcarbon	 ﾠ
efficiency	 ﾠof	 ﾠlow	 ﾠcarbon	 ﾠvehicles	 ﾠ(Chapter	 ﾠ2.3).	 ﾠThus,	 ﾠdynamic	 ﾠefficiency	 ﾠprovides	 ﾠa	 ﾠ
central	 ﾠrationale	 ﾠfor	 ﾠadopting	 ﾠpolicy	 ﾠinstruments	 ﾠthat	 ﾠcomplement	 ﾠthe	 ﾠcarbon	 ﾠprice	 ﾠ
to	 ﾠremedy	 ﾠthese	 ﾠmarket	 ﾠimperfections.	 ﾠOn	 ﾠbalance,	 ﾠthis	 ﾠconcern	 ﾠprovides	 ﾠno	 ﾠ
genuine	 ﾠreason	 ﾠnot	 ﾠto	 ﾠimplement	 ﾠcarbon	 ﾠpricing	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector,	 ﾠbut	 ﾠ
calls	 ﾠfor	 ﾠthe	 ﾠadoption	 ﾠof	 ﾠsupplementary	 ﾠinstruments.	 ﾠ	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5.2.  Taxes	 ﾠversus	 ﾠemission	 ﾠtrading	 ﾠfor	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠ
The	 ﾠprevious	 ﾠsection	 ﾠoutlined	 ﾠthe	 ﾠgeneral	 ﾠrationale	 ﾠfor	 ﾠmarket-ﾭ‐based	 ﾠclimate	 ﾠ
policy	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector.	 ﾠThe	 ﾠquestion	 ﾠnow	 ﾠarises	 ﾠwhich	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠmajor	 ﾠ
market-ﾭ‐based	 ﾠinstruments–a	 ﾠcarbon	 ﾠtax	 ﾠor	 ﾠcap-ﾭ‐and-ﾭ‐trade–is	 ﾠpreferable	 ﾠ(e.g.,	 ﾠSchäfer	 ﾠ
and	 ﾠCreutzig	 ﾠ2008).	 ﾠThis	 ﾠsection	 ﾠargues	 ﾠthat	 ﾠagainst	 ﾠthe	 ﾠbackdrop	 ﾠof	 ﾠcurrent	 ﾠ
international	 ﾠand	 ﾠnational	 ﾠclimate	 ﾠpolicy	 ﾠapproaches	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠhas	 ﾠsome	 ﾠ
advantages	 ﾠover	 ﾠtaxation.	 ﾠ	 ﾠ
The	 ﾠtwo	 ﾠapproaches	 ﾠ
A	 ﾠGHG	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem6	 ﾠcreates	 ﾠa	 ﾠcarbon	 ﾠprice	 ﾠby	 ﾠrequiring	 ﾠregulated	 ﾠ
entities	 ﾠto	 ﾠdeliver	 ﾠan	 ﾠemission	 ﾠallowance	 ﾠfor	 ﾠeach	 ﾠemitted	 ﾠunit	 ﾠof	 ﾠthe	 ﾠcovered	 ﾠ
greenhouse	 ﾠgases.	 ﾠBy	 ﾠrestraining	 ﾠthe	 ﾠoverall	 ﾠlevel	 ﾠof	 ﾠusable	 ﾠallowances	 ﾠ(the	 ﾠcap)	 ﾠ
below	 ﾠemission	 ﾠlevels	 ﾠthan	 ﾠwould	 ﾠoccur	 ﾠabsent	 ﾠthe	 ﾠtrading	 ﾠsystem,	 ﾠa	 ﾠscarcity	 ﾠprice	 ﾠ
for	 ﾠtradable	 ﾠallowances	 ﾠemerges	 ﾠon	 ﾠallowance	 ﾠmarkets.	 ﾠEconomic	 ﾠagents	 ﾠwill	 ﾠtake	 ﾠ
this	 ﾠprice	 ﾠinto	 ﾠaccount	 ﾠin	 ﾠtheir	 ﾠactivities,	 ﾠi.e.	 ﾠthey	 ﾠwill	 ﾠavoid	 ﾠemissions	 ﾠif	 ﾠthis	 ﾠis	 ﾠ
cheaper	 ﾠthan	 ﾠusing	 ﾠan	 ﾠemission	 ﾠallowance.	 ﾠAmong	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠdesign	 ﾠchoices	 ﾠare	 ﾠthe	 ﾠsetting	 ﾠof	 ﾠthe	 ﾠcap,	 ﾠdetermining	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠ
and	 ﾠsectoral	 ﾠcoverage	 ﾠ(i.e.	 ﾠwhich	 ﾠentities	 ﾠneed	 ﾠto	 ﾠreport	 ﾠemissions	 ﾠand	 ﾠdeliver	 ﾠ
allowances),	 ﾠmethods	 ﾠfor	 ﾠallocating	 ﾠallowances	 ﾠto	 ﾠthe	 ﾠmarket	 ﾠ(free	 ﾠallocation	 ﾠor	 ﾠ
auctioning),	 ﾠand	 ﾠthe	 ﾠuse	 ﾠof	 ﾠrevenues	 ﾠfrom	 ﾠauctioning.	 ﾠProvisions	 ﾠregarding	 ﾠregional	 ﾠ
and	 ﾠtemporal	 ﾠflexibility	 ﾠin	 ﾠusing	 ﾠallowances	 ﾠhave	 ﾠan	 ﾠimportant	 ﾠbearing	 ﾠon	 ﾠsystem	 ﾠ
performance.	 ﾠChapter	 ﾠ6.1	 ﾠprovides	 ﾠa	 ﾠdetailed	 ﾠdiscussion	 ﾠof	 ﾠdesign	 ﾠchoices	 ﾠrelevant	 ﾠ
for	 ﾠa	 ﾠroad	 ﾠtransport	 ﾠfuel	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem.	 ﾠ
By	 ﾠcontrast,	 ﾠa	 ﾠGHG	 ﾠtax	 ﾠdoes	 ﾠnot	 ﾠdirectly	 ﾠcontrol	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠemissions	 ﾠbut	 ﾠ
obliges	 ﾠentities	 ﾠto	 ﾠpay	 ﾠa	 ﾠprice	 ﾠfor	 ﾠeach	 ﾠemitted	 ﾠunit	 ﾠof	 ﾠthe	 ﾠcovered	 ﾠgreenhouse	 ﾠgases	 ﾠ
(Nordhaus	 ﾠ2008).	 ﾠEconomic	 ﾠagents	 ﾠwill	 ﾠreact	 ﾠin	 ﾠthe	 ﾠsame	 ﾠmanner	 ﾠas	 ﾠwhen	 ﾠfacing	 ﾠan	 ﾠ
allowance	 ﾠprice,	 ﾠi.e.	 ﾠthey	 ﾠwill	 ﾠavoid	 ﾠemissions	 ﾠif	 ﾠthis	 ﾠis	 ﾠcheaper	 ﾠthan	 ﾠhaving	 ﾠto	 ﾠpay	 ﾠ
the	 ﾠtax.	 ﾠThe	 ﾠmain	 ﾠdesign	 ﾠissues	 ﾠin	 ﾠsetting	 ﾠup	 ﾠa	 ﾠcarbon	 ﾠtaxation	 ﾠscheme	 ﾠconcern	 ﾠthe	 ﾠ
setting	 ﾠof	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠthe	 ﾠtax	 ﾠand	 ﾠdetermining	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠ(i.e.,	 ﾠwhich	 ﾠ
entities	 ﾠneed	 ﾠto	 ﾠreport	 ﾠemissions	 ﾠand	 ﾠpay	 ﾠthe	 ﾠtax).	 ﾠAnother	 ﾠimportant	 ﾠquestion	 ﾠ–	 ﾠ
analogous	 ﾠto	 ﾠdistribution	 ﾠof	 ﾠallowance	 ﾠvalue	 ﾠin	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠ–	 ﾠregards	 ﾠthe	 ﾠ
use	 ﾠof	 ﾠtax	 ﾠrevenues	 ﾠ(e.g.	 ﾠBurtraw	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ	 ﾠ
In	 ﾠabsence	 ﾠof	 ﾠuncertainty	 ﾠand	 ﾠmarket	 ﾠimperfections,	 ﾠa	 ﾠcarbon	 ﾠtax	 ﾠand	 ﾠtrading	 ﾠ
system	 ﾠare	 ﾠequivalent	 ﾠinstruments.	 ﾠIn	 ﾠtheory,	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠasymmetry	 ﾠ
between	 ﾠtaxes	 ﾠ(prices)	 ﾠand	 ﾠtrading	 ﾠ(quantities)	 ﾠis	 ﾠtheir	 ﾠperformance	 ﾠunder	 ﾠ
uncertainty	 ﾠover	 ﾠmarginal	 ﾠcost	 ﾠand	 ﾠbenefit	 ﾠcurves	 ﾠ(Weitzman	 ﾠ1974;	 ﾠHepburn	 ﾠ2006),	 ﾠ
and	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠfossil	 ﾠfuel	 ﾠsupply	 ﾠside	 ﾠdynamics	 ﾠ(Sinn	 ﾠ2008;	 ﾠKalkuhl	 ﾠand	 ﾠ
Edenhofer	 ﾠ2010).	 ﾠImportantly,	 ﾠwith	 ﾠthe	 ﾠKyoto	 ﾠProtocol	 ﾠrepresenting	 ﾠa	 ﾠquantity	 ﾠ
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 ﾠ
6	 ﾠWe	 ﾠfocus	 ﾠour	 ﾠdiscussion	 ﾠon	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠfor	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠsince	 ﾠcrediting	 ﾠsystems	 ﾠbear	 ﾠ
much	 ﾠhigher	 ﾠtransaction	 ﾠcosts	 ﾠ(e.g.	 ﾠNordhaus	 ﾠand	 ﾠDanish	 ﾠ2003).	 ﾠStavins	 ﾠ(2007)	 ﾠand	 ﾠNordhaus	 ﾠand	 ﾠ
Danish	 ﾠ(2003)	 ﾠdiscuss	 ﾠthe	 ﾠdesign	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠfor	 ﾠthe	 ﾠUS	 ﾠcase,	 ﾠwhile	 ﾠEllerman	 ﾠet	 ﾠal.	 ﾠ(2010)	 ﾠ
review	 ﾠthe	 ﾠeconomic	 ﾠand	 ﾠregulatory	 ﾠlessons	 ﾠfrom	 ﾠthe	 ﾠfirst	 ﾠyears	 ﾠof	 ﾠEU	 ﾠETS	 ﾠoperation.	 ﾠ	 ﾠ  45	 ﾠ
approach	 ﾠand	 ﾠthe	 ﾠ2°C	 ﾠobjective	 ﾠemphasized	 ﾠin	 ﾠthe	 ﾠCopenhagen	 ﾠAccord	 ﾠ(UNFCCC	 ﾠ
2009)7	 ﾠthe	 ﾠinternational	 ﾠcommunity	 ﾠappears	 ﾠto	 ﾠbe	 ﾠheading	 ﾠfor	 ﾠa	 ﾠquantity	 ﾠapproach	 ﾠ
to	 ﾠclimate	 ﾠpolicy.	 ﾠ	 ﾠ
The	 ﾠremainder	 ﾠof	 ﾠthe	 ﾠChapter	 ﾠis	 ﾠstructured	 ﾠas	 ﾠfollows.	 ﾠFirst,	 ﾠprominent	 ﾠ
arguments	 ﾠfavoring	 ﾠtaxes	 ﾠover	 ﾠtrading	 ﾠfor	 ﾠroad	 ﾠtransportation	 ﾠare	 ﾠreviewed.	 ﾠThen	 ﾠit	 ﾠ
is	 ﾠargued	 ﾠthat	 ﾠgiven	 ﾠcurrent	 ﾠpolicy	 ﾠtargets	 ﾠand	 ﾠinstrument	 ﾠchoices	 ﾠemission	 ﾠtrading	 ﾠ
is	 ﾠthe	 ﾠpreferable	 ﾠapproach.	 ﾠ	 ﾠ
Arguments	 ﾠfavoring	 ﾠtaxes	 ﾠover	 ﾠtrading	 ﾠ
In	 ﾠthe	 ﾠEU	 ﾠcontext	 ﾠseveral	 ﾠauthors	 ﾠ(e.g.	 ﾠHolmgren	 ﾠet	 ﾠal.	 ﾠ2006,	 ﾠBlom	 ﾠet	 ﾠal.	 ﾠ2007,	 ﾠ
Kampmann	 ﾠet	 ﾠal.	 ﾠ2008;	 ﾠKågesson	 ﾠ2008)	 ﾠhave	 ﾠwarned	 ﾠthat	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠ
growing	 ﾠtransport	 ﾠsector	 ﾠwith	 ﾠits	 ﾠrelatively	 ﾠsteep	 ﾠabatement	 ﾠcost	 ﾠcurve	 ﾠinto	 ﾠa	 ﾠpre-ﾭ‐
existing	 ﾠtrading	 ﾠsystem	 ﾠmay	 ﾠcause	 ﾠrising	 ﾠETS	 ﾠallowance	 ﾠprices.	 ﾠHigher	 ﾠallowance	 ﾠ
prices	 ﾠintensify	 ﾠconcerns	 ﾠover	 ﾠcarbon	 ﾠleakage	 ﾠin	 ﾠtrade-ﾭ‐exposed	 ﾠand	 ﾠGHG	 ﾠintensive	 ﾠ
industries	 ﾠthat	 ﾠare	 ﾠalready	 ﾠcovered	 ﾠby	 ﾠthe	 ﾠtrading	 ﾠsystem.	 ﾠAs	 ﾠdiscussed	 ﾠin	 ﾠBox	 ﾠ3,	 ﾠ
even	 ﾠif	 ﾠallowance	 ﾠprices	 ﾠin	 ﾠsuch	 ﾠa	 ﾠtrading	 ﾠsystem	 ﾠwere	 ﾠto	 ﾠrise	 ﾠas	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠ
road	 ﾠtransport	 ﾠinclusion	 ﾠa	 ﾠnumber	 ﾠof	 ﾠfurther	 ﾠconditions	 ﾠneed	 ﾠto	 ﾠbe	 ﾠfulfilled	 ﾠto	 ﾠturn	 ﾠ
this	 ﾠinto	 ﾠa	 ﾠsignificant	 ﾠproblem.	 ﾠWith	 ﾠeach	 ﾠregional	 ﾠcontext	 ﾠrequiring	 ﾠa	 ﾠcase-ﾭ‐specific	 ﾠ
review,	 ﾠour	 ﾠanalysis	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠimpacts	 ﾠon	 ﾠEUA	 ﾠprices	 ﾠin	 ﾠChapter	 ﾠ6.2	 ﾠfinds	 ﾠ
that	 ﾠin	 ﾠthe	 ﾠmost	 ﾠplausible	 ﾠpolicy	 ﾠscenario	 ﾠallowance	 ﾠprice	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠEU	 ﾠcontext	 ﾠ
would	 ﾠbe	 ﾠzero.	 ﾠTherefore,	 ﾠalready	 ﾠthe	 ﾠfirst	 ﾠof	 ﾠthe	 ﾠconditions	 ﾠoutlined	 ﾠin	 ﾠBox	 ﾠ3	 ﾠwould	 ﾠ
not	 ﾠbe	 ﾠmet.	 ﾠ	 ﾠ
	 ﾠ Second,	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠargued	 ﾠthat	 ﾠtransaction	 ﾠcosts	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠinclusion	 ﾠ
may	 ﾠbe	 ﾠhigh,	 ﾠin	 ﾠparticular	 ﾠif	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠis	 ﾠwith	 ﾠthe	 ﾠfinal	 ﾠconsumer	 ﾠ
(Ecofys	 ﾠ2006).	 ﾠHowever,	 ﾠas	 ﾠdiscussed	 ﾠin	 ﾠChapter	 ﾠ6.1	 ﾠand	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠ
overwhelming	 ﾠmajority	 ﾠof	 ﾠstudies	 ﾠinvestigating	 ﾠthis	 ﾠissue,	 ﾠwith	 ﾠupstream	 ﾠcoverage	 ﾠ
of	 ﾠemissions	 ﾠtransaction	 ﾠcosts	 ﾠshould	 ﾠbe	 ﾠmanageable	 ﾠand	 ﾠat	 ﾠthe	 ﾠsame	 ﾠorder	 ﾠof	 ﾠ
magnitude	 ﾠas	 ﾠfor	 ﾠother	 ﾠEU	 ﾠETS	 ﾠparticipants,	 ﾠwhere	 ﾠthey	 ﾠare	 ﾠnot	 ﾠprohibitive	 ﾠ(see	 ﾠ
Ellerman	 ﾠet	 ﾠal.	 ﾠ2010,	 ﾠpp245).	 ﾠAlso,	 ﾠtransaction	 ﾠcosts	 ﾠfor	 ﾠmonitoring,	 ﾠreporting	 ﾠand	 ﾠ
verifying	 ﾠ(MRV)	 ﾠemissions	 ﾠare	 ﾠidentical	 ﾠfor	 ﾠcarbon	 ﾠtaxation	 ﾠand	 ﾠtrading.	 ﾠThe	 ﾠ
additional	 ﾠcost	 ﾠfrom	 ﾠa	 ﾠcarbon	 ﾠtrading	 ﾠsystem	 ﾠarises	 ﾠonly	 ﾠfrom	 ﾠthe	 ﾠrequirements	 ﾠof	 ﾠ
organizing	 ﾠa	 ﾠwell-ﾭ‐functioning	 ﾠcarbon	 ﾠmarket.	 ﾠ
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7	 ﾠSee	 ﾠMeinshausen	 ﾠ(2009)	 ﾠand	 ﾠWBGU	 ﾠ(2009)	 ﾠfor	 ﾠthe	 ﾠglobal	 ﾠemission	 ﾠbudget	 ﾠimplications	 ﾠof	 ﾠ















Preferability	 ﾠof	 ﾠtrading	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠ
Two	 ﾠobservations	 ﾠinform	 ﾠthe	 ﾠargument	 ﾠof	 ﾠthis	 ﾠsection:	 ﾠ(1)	 ﾠmarginal	 ﾠ
abatement	 ﾠcosts	 ﾠare	 ﾠuncertain;	 ﾠand	 ﾠ(2)	 ﾠpolicymakers	 ﾠprefer	 ﾠquantitative	 ﾠemission	 ﾠ
targets	 ﾠand	 ﾠsometimes	 ﾠimplement	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠin	 ﾠother	 ﾠsectors	 ﾠof	 ﾠthe	 ﾠeconomy.	 ﾠTo	 ﾠ
illustrate	 ﾠuncertainty	 ﾠover	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠ(MACCs),	 ﾠFigure	 ﾠ11	 ﾠ
displays	 ﾠMACC	 ﾠestimates	 ﾠfrom	 ﾠseveral	 ﾠmodels	 ﾠfor	 ﾠthe	 ﾠEuropean	 ﾠroad	 ﾠtransport	 ﾠ
sector	 ﾠin	 ﾠ2020.	 ﾠThe	 ﾠdifferences	 ﾠare	 ﾠstriking:	 ﾠat	 ﾠa	 ﾠcarbon	 ﾠprice	 ﾠof	 ﾠ50$/tCO2e,	 ﾠ
abatement	 ﾠestimates	 ﾠdiffer	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠten	 ﾠfrom	 ﾠ2%	 ﾠ(Enerdata-ﾭ‐POLES)	 ﾠto	 ﾠ20%	 ﾠ(CE	 ﾠ
Delft)	 ﾠof	 ﾠbusiness-ﾭ‐as-ﾭ‐usual	 ﾠemissions.	 ﾠ
Concerning	 ﾠpolicy	 ﾠtargets,	 ﾠthe	 ﾠEU	 ﾠ2020	 ﾠclimate	 ﾠpolicy	 ﾠpackage	 ﾠis	 ﾠbased	 ﾠon	 ﾠa	 ﾠ
20%	 ﾠquantitative	 ﾠreduction	 ﾠtarget	 ﾠrelative	 ﾠto	 ﾠ2005	 ﾠemissions	 ﾠby	 ﾠ2020	 ﾠ(EC	 ﾠ2009a,	 ﾠb,	 ﾠ
c).	 ﾠThe	 ﾠUnited	 ﾠStates	 ﾠenvisage	 ﾠa	 ﾠquantitative	 ﾠtarget	 ﾠof	 ﾠ17%	 ﾠemission	 ﾠreductions	 ﾠ
below	 ﾠ2005	 ﾠlevels	 ﾠby	 ﾠ2020	 ﾠ(United	 ﾠStates	 ﾠ2010;	 ﾠAPA	 ﾠ2010).	 ﾠThe	 ﾠannouncements	 ﾠby	 ﾠ
China	 ﾠand	 ﾠIndia	 ﾠto	 ﾠreduce	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠGDP	 ﾠby	 ﾠ40-ﾭ‐45%	 ﾠ(China)	 ﾠand	 ﾠ20-ﾭ‐25%	 ﾠ
(India)	 ﾠbelow	 ﾠyear	 ﾠ2005	 ﾠlevels	 ﾠby	 ﾠ2020	 ﾠalso	 ﾠrelate	 ﾠto	 ﾠemission	 ﾠquantities	 ﾠrather	 ﾠ
than	 ﾠto	 ﾠcarbon	 ﾠprices.	 ﾠHence,	 ﾠwith	 ﾠquantitative	 ﾠeconomy-ﾭ‐wide	 ﾠemission	 ﾠreduction	 ﾠ
targets	 ﾠenvisaged	 ﾠby	 ﾠmajor	 ﾠeconomies,	 ﾠthe	 ﾠacademic	 ﾠdebate	 ﾠover	 ﾠthe	 ﾠgeneric	 ﾠ
preferability	 ﾠof	 ﾠquantities	 ﾠor	 ﾠprices	 ﾠappears	 ﾠto	 ﾠhave	 ﾠbeen	 ﾠdecided	 ﾠin	 ﾠfavor	 ﾠof	 ﾠ
quantity	 ﾠcontrols	 ﾠon	 ﾠthe	 ﾠinternational	 ﾠpolitical	 ﾠlevel.	 ﾠIn	 ﾠaddition,	 ﾠin	 ﾠEurope	 ﾠthe	 ﾠEU	 ﾠ
ETS	 ﾠalready	 ﾠcovers	 ﾠemissions	 ﾠfrom	 ﾠthe	 ﾠpower	 ﾠand	 ﾠindustry	 ﾠsectors.	 ﾠThe	 ﾠsame	 ﾠ
situation	 ﾠwill	 ﾠvery	 ﾠlikely	 ﾠsoon	 ﾠapply	 ﾠto	 ﾠCalifornia,	 ﾠand	 ﾠpossibly	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠ
Box	 ﾠ3:	 ﾠConditions	 ﾠfor	 ﾠlegitimate	 ﾠconcerns	 ﾠover	 ﾠcarbon	 ﾠleakage	 ﾠ
Carbon	 ﾠleakage	 ﾠoccurs	 ﾠif	 ﾠclimate	 ﾠpolicies	 ﾠin	 ﾠone	 ﾠregion	 ﾠlead	 ﾠto	 ﾠa	 ﾠshift	 ﾠof	 ﾠemissions	 ﾠ
to	 ﾠother	 ﾠworld	 ﾠregions	 ﾠe.g.	 ﾠas	 ﾠindustries	 ﾠreschedule	 ﾠcarbon	 ﾠintensive	 ﾠproduction.	 ﾠ
For	 ﾠcarbon	 ﾠleakage	 ﾠbeing	 ﾠa	 ﾠsignificant	 ﾠconcern	 ﾠfor	 ﾠindustries	 ﾠalready	 ﾠregulated	 ﾠ
by	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠas	 ﾠa	 ﾠconsequence	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠinclusion,	 ﾠa	 ﾠ
number	 ﾠof	 ﾠconditions	 ﾠneed	 ﾠto	 ﾠbe	 ﾠmet	 ﾠsimultaneously:	 ﾠ
1.  The	 ﾠallowance	 ﾠprice	 ﾠchange	 ﾠinduced	 ﾠby	 ﾠroad	 ﾠtransport	 ﾠinclusion	 ﾠis	 ﾠ
significant,	 ﾠsince	 ﾠminimal	 ﾠchanges	 ﾠdo	 ﾠnot	 ﾠtrigger	 ﾠsignificant	 ﾠleakage.	 ﾠ
2.  If	 ﾠthe	 ﾠallowance	 ﾠprice	 ﾠrises	 ﾠsubstantially	 ﾠthe	 ﾠcarbon	 ﾠprice	 ﾠelasticity	 ﾠof	 ﾠ
leakage	 ﾠis	 ﾠsignificant.	 ﾠThese	 ﾠrates	 ﾠare	 ﾠlargely	 ﾠunknown	 ﾠand	 ﾠmethodically	 ﾠ
difficult	 ﾠto	 ﾠdetermine.	 ﾠ	 ﾠ
3.  No	 ﾠpolicy	 ﾠinstruments	 ﾠfor	 ﾠeffectively	 ﾠmitigating	 ﾠcarbon	 ﾠleakage	 ﾠdue	 ﾠto	 ﾠ
regionally	 ﾠasymmetric	 ﾠcarbon	 ﾠpricing	 ﾠare	 ﾠin	 ﾠplace.	 ﾠ	 ﾠ
4.  The	 ﾠwelfare	 ﾠloss	 ﾠfrom	 ﾠcarbon	 ﾠleakage	 ﾠis	 ﾠlarger	 ﾠthan	 ﾠthe	 ﾠefficiency	 ﾠgain	 ﾠ
from	 ﾠharmonizing	 ﾠmarginal	 ﾠabatement	 ﾠcosts,	 ﾠand	 ﾠa	 ﾠtransport	 ﾠcarbon	 ﾠtax	 ﾠ
better	 ﾠbalances	 ﾠefficiency	 ﾠgains	 ﾠand	 ﾠcarbon	 ﾠleakage	 ﾠcosts	 ﾠ
	 ﾠ
Our	 ﾠanalysis	 ﾠin	 ﾠchapter	 ﾠ6.2	 ﾠand	 ﾠ6.3	 ﾠdemonstrates	 ﾠthat	 ﾠunder	 ﾠplausible	 ﾠ
assumptions	 ﾠeven	 ﾠthe	 ﾠfirst	 ﾠcondition	 ﾠwill	 ﾠnot	 ﾠbe	 ﾠmet	 ﾠin	 ﾠthe	 ﾠEU,	 ﾠCalifornian	 ﾠand	 ﾠUS	 ﾠ
case.	 ﾠ  47	 ﾠ
where	 ﾠtrading	 ﾠsystem	 ﾠare	 ﾠenvisaged	 ﾠat	 ﾠleast	 ﾠfor	 ﾠthe	 ﾠpower	 ﾠsector	 ﾠ(Point	 ﾠCarbon	 ﾠ
2010).	 ﾠ	 ﾠ
Against	 ﾠthis	 ﾠbackground,	 ﾠthe	 ﾠargument	 ﾠfor	 ﾠthe	 ﾠpreferability	 ﾠof	 ﾠtrading	 ﾠover	 ﾠ
taxation	 ﾠin	 ﾠroad	 ﾠtransportation	 ﾠis	 ﾠtwofold:	 ﾠFirst,	 ﾠwhere	 ﾠquantitative	 ﾠtargets	 ﾠare	 ﾠto	 ﾠbe	 ﾠ
achieved	 ﾠeconomy-ﾭ‐wide	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠoffer	 ﾠsuperior	 ﾠcertainty	 ﾠin	 ﾠachieving	 ﾠ
the	 ﾠpolicy	 ﾠgoal.	 ﾠSecond,	 ﾠin	 ﾠpresence	 ﾠof	 ﾠa	 ﾠtrading	 ﾠsystem	 ﾠfor	 ﾠother	 ﾠsectors,	 ﾠinclusion	 ﾠ
of	 ﾠroad	 ﾠtransportation	 ﾠinto	 ﾠa	 ﾠcross-ﾭ‐sector	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠhas	 ﾠa	 ﾠbetter	 ﾠ
prospect	 ﾠfor	 ﾠefficiency.	 ﾠ	 ﾠ
When	 ﾠa	 ﾠfixed	 ﾠcarbon	 ﾠtax	 ﾠis	 ﾠused	 ﾠto	 ﾠmanage	 ﾠa	 ﾠcarbon	 ﾠbudget	 ﾠand	 ﾠmarginal	 ﾠ
abatement	 ﾠcosts	 ﾠcurves	 ﾠturn	 ﾠout	 ﾠto	 ﾠbe	 ﾠhigher	 ﾠthan	 ﾠexpected,	 ﾠthere	 ﾠwill	 ﾠbe	 ﾠa	 ﾠshortfall	 ﾠ
in	 ﾠabatement	 ﾠand	 ﾠfailure	 ﾠin	 ﾠattaining	 ﾠthe	 ﾠquantitative	 ﾠpolicy	 ﾠobjective.	 ﾠThe	 ﾠtax	 ﾠrate	 ﾠ
could	 ﾠbe	 ﾠadjusted	 ﾠover	 ﾠtime	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠcumulative	 ﾠquantity	 ﾠtarget	 ﾠis	 ﾠ
achieved.	 ﾠBut	 ﾠrepeated	 ﾠadjustment	 ﾠof	 ﾠcarbon	 ﾠtaxes	 ﾠwill	 ﾠinvolve	 ﾠdelays,	 ﾠtransaction	 ﾠ
costs	 ﾠand	 ﾠpolitical	 ﾠcontroversies.	 ﾠCap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠwill	 ﾠattain	 ﾠquantity	 ﾠ
objectives	 ﾠby	 ﾠdefinition.	 ﾠ	 ﾠ
This	 ﾠalso	 ﾠimplies	 ﾠthat	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠmatter	 ﾠin	 ﾠwhich	 ﾠsector	 ﾠabatement	 ﾠ
ultimately	 ﾠoccurs	 ﾠsince	 ﾠthe	 ﾠaggregate	 ﾠemission	 ﾠtarget	 ﾠwill	 ﾠbe	 ﾠachieved	 ﾠin	 ﾠthe	 ﾠleast	 ﾠ
cost	 ﾠmanner	 ﾠanyways.	 ﾠHence,	 ﾠif	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠare	 ﾠpart	 ﾠof	 ﾠa	 ﾠwell-ﾭ‐designed	 ﾠ
economy-ﾭ‐wide	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem,	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠmatter	 ﾠwhich	 ﾠfuels	 ﾠare	 ﾠused	 ﾠin	 ﾠ
vehicles	 ﾠand	 ﾠhow	 ﾠthey	 ﾠare	 ﾠgenerated.	 ﾠFor	 ﾠexample,	 ﾠwhether	 ﾠpower	 ﾠfor	 ﾠelectric	 ﾠ
vehicles	 ﾠis	 ﾠgenerated	 ﾠusing	 ﾠcoal	 ﾠor	 ﾠrenewable	 ﾠenergy	 ﾠis	 ﾠirrelevant	 ﾠ–	 ﾠthe	 ﾠ
environmental	 ﾠtarget	 ﾠwill	 ﾠbe	 ﾠachieved.	 ﾠBy	 ﾠsetting	 ﾠthe	 ﾠannual	 ﾠor	 ﾠcumulated	 ﾠcap,	 ﾠthe	 ﾠ
regulator	 ﾠdirectly	 ﾠcontrols	 ﾠthe	 ﾠaggregate	 ﾠlevel	 ﾠof	 ﾠemissions.	 ﾠ
If	 ﾠa	 ﾠroad	 ﾠtransport	 ﾠcarbon	 ﾠtax	 ﾠdiffers	 ﾠfrom	 ﾠmarginal	 ﾠabatement	 ﾠcosts	 ﾠin	 ﾠother	 ﾠ
sectors	 ﾠe.g.	 ﾠbecause	 ﾠthese	 ﾠare	 ﾠcovered	 ﾠby	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠwith	 ﾠan	 ﾠallowance	 ﾠ
price	 ﾠhigher	 ﾠor	 ﾠlower	 ﾠthan	 ﾠthe	 ﾠcarbon	 ﾠtax,	 ﾠoverall	 ﾠeconomic	 ﾠefficiency	 ﾠwill	 ﾠbe	 ﾠ
compromised.	 ﾠWhen	 ﾠtransport	 ﾠfuels	 ﾠare	 ﾠgenerated	 ﾠin	 ﾠseveral	 ﾠsectors	 ﾠ(e.g.	 ﾠcrude	 ﾠoil	 ﾠ
refining,	 ﾠbiofuel	 ﾠrefining,	 ﾠpower	 ﾠgeneration)	 ﾠfacing	 ﾠdifferent	 ﾠmarginal	 ﾠabatement	 ﾠ
cost,	 ﾠthis	 ﾠalso	 ﾠimplies	 ﾠa	 ﾠdistortion	 ﾠwithin	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠBühler	 ﾠet	 ﾠal.	 ﾠ(2009)	 ﾠ
explore	 ﾠthis	 ﾠdistortion	 ﾠfor	 ﾠdifferent	 ﾠtransport	 ﾠmodes	 ﾠin	 ﾠGermany,	 ﾠpointing	 ﾠout	 ﾠthe	 ﾠ
competitive	 ﾠdisadvantage	 ﾠof	 ﾠrail	 ﾠvis-ﾭ‐à-ﾭ‐vis	 ﾠroad	 ﾠtransportation.	 ﾠWhile	 ﾠpower	 ﾠ
generation	 ﾠis	 ﾠregulated	 ﾠunder	 ﾠthe	 ﾠEU	 ﾠETS,	 ﾠroad	 ﾠtransportation	 ﾠfaces	 ﾠno	 ﾠexplicit	 ﾠ
carbon	 ﾠprice.	 ﾠ	 ﾠBy	 ﾠcontrast,	 ﾠif	 ﾠroad	 ﾠtransport	 ﾠis	 ﾠincluded	 ﾠinto	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠ
emission	 ﾠtrading	 ﾠsystem,	 ﾠthe	 ﾠallowance	 ﾠprice	 ﾠwill	 ﾠadjust	 ﾠdynamically	 ﾠacross	 ﾠsectors,	 ﾠ
thus	 ﾠensuring	 ﾠefficiency	 ﾠas	 ﾠabatement	 ﾠtakes	 ﾠplace	 ﾠwhere	 ﾠit	 ﾠis	 ﾠcheapest.	 ﾠ	 ﾠ
The	 ﾠvalidity	 ﾠof	 ﾠthis	 ﾠline	 ﾠof	 ﾠreasoning	 ﾠfavoring	 ﾠemission	 ﾠtrading	 ﾠover	 ﾠcarbon	 ﾠ
taxes	 ﾠfor	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠclearly	 ﾠdepends	 ﾠon	 ﾠthe	 ﾠmagnitude	 ﾠof	 ﾠthe	 ﾠpotential	 ﾠ
policy	 ﾠfailure	 ﾠand	 ﾠpotential	 ﾠinefficiencies.	 ﾠIf	 ﾠthe	 ﾠerrors	 ﾠin	 ﾠpolicy-ﾭ‐making	 ﾠturn	 ﾠout	 ﾠto	 ﾠ
be	 ﾠsmall,	 ﾠand	 ﾠminor	 ﾠfailures	 ﾠin	 ﾠachieving	 ﾠquantity	 ﾠtargets	 ﾠcan	 ﾠbe	 ﾠtolerated	 ﾠand	 ﾠ  48	 ﾠ
mitigated	 ﾠe.g.	 ﾠby	 ﾠmeans	 ﾠof	 ﾠcompensation	 ﾠvia	 ﾠflexibility	 ﾠmechanisms,	 ﾠthe	 ﾠasymmetry	 ﾠ
between	 ﾠtax	 ﾠand	 ﾠtrading	 ﾠwill	 ﾠbe	 ﾠweak.8	 ﾠ	 ﾠ
Illustrating	 ﾠthe	 ﾠpotential	 ﾠorder	 ﾠof	 ﾠmagnitude	 ﾠof	 ﾠwelfare	 ﾠlosses	 ﾠfrom	 ﾠsectorally	 ﾠ
diverging	 ﾠmarginal	 ﾠabatement	 ﾠcosts,	 ﾠBöhringer	 ﾠet	 ﾠal.	 ﾠ(2009)	 ﾠcompare	 ﾠthree	 ﾠanalyses	 ﾠ
of	 ﾠthe	 ﾠrecent	 ﾠEU	 ﾠclimate	 ﾠpackage.	 ﾠThey	 ﾠfind	 ﾠthat	 ﾠthe	 ﾠasymmetric	 ﾠcarbon	 ﾠprices	 ﾠin	 ﾠEU	 ﾠ
ETS	 ﾠand	 ﾠnon-ﾭ‐ETS	 ﾠsectors	 ﾠas	 ﾠimplied	 ﾠby	 ﾠthe	 ﾠEU	 ﾠclimate	 ﾠpackage	 ﾠraise	 ﾠyear	 ﾠ2020	 ﾠ
climate	 ﾠpolicy	 ﾠcosts	 ﾠby	 ﾠ0.25-ﾭ‐0.6%	 ﾠin	 ﾠterms	 ﾠof	 ﾠtotal	 ﾠwelfare,	 ﾠor	 ﾠ25-ﾭ‐30%	 ﾠabove	 ﾠthe	 ﾠ
cost	 ﾠof	 ﾠthe	 ﾠefficient	 ﾠpolicy.	 ﾠ	 ﾠ
Finally,	 ﾠa	 ﾠdistinct	 ﾠargument	 ﾠfavoring	 ﾠtrading	 ﾠover	 ﾠtaxes	 ﾠis	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠ
prospect	 ﾠfor	 ﾠbuilding	 ﾠan	 ﾠinternational	 ﾠclimate	 ﾠregime.	 ﾠInternational	 ﾠemission	 ﾠ
trading	 ﾠwould	 ﾠfacilitate	 ﾠcooperation	 ﾠ(e.g.	 ﾠvia	 ﾠindirect	 ﾠtransfers	 ﾠin	 ﾠform	 ﾠof	 ﾠallowance	 ﾠ
allocation),	 ﾠand	 ﾠthe	 ﾠharmonization	 ﾠof	 ﾠallowance	 ﾠprices	 ﾠacross	 ﾠcountries	 ﾠas	 ﾠcompared	 ﾠ
to	 ﾠharmonization	 ﾠof	 ﾠdomestic	 ﾠtaxes	 ﾠpromises	 ﾠenhanced	 ﾠefficiency	 ﾠ(see	 ﾠalso	 ﾠChapter	 ﾠ
6.3).	 ﾠ	 ﾠFor	 ﾠthis	 ﾠreason,	 ﾠthe	 ﾠnext	 ﾠchapter	 ﾠanalyses	 ﾠthe	 ﾠexpected	 ﾠeffects	 ﾠof	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠ
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8	 ﾠThe	 ﾠEU	 ﾠclimate	 ﾠpackage	 ﾠenables	 ﾠcompliance	 ﾠin	 ﾠnon-ﾭ‐ETS	 ﾠsectors	 ﾠby	 ﾠmeans	 ﾠof	 ﾠCDM	 ﾠcredits	 ﾠfor	 ﾠabout	 ﾠ
3%	 ﾠof	 ﾠthe	 ﾠemissions	 ﾠin	 ﾠthese	 ﾠsectors.	 ﾠAlso,	 ﾠEU	 ﾠcountries	 ﾠcan	 ﾠuse	 ﾠstatistical	 ﾠtransfers	 ﾠof	 ﾠnon-ﾭ‐ETS	 ﾠ
sector	 ﾠreductions	 ﾠto	 ﾠcomply	 ﾠwith	 ﾠtheir	 ﾠreduction	 ﾠburdens,	 ﾠessentially	 ﾠenabling	 ﾠgovernment	 ﾠlevel	 ﾠ
emission	 ﾠtrading	 ﾠin	 ﾠthese	 ﾠsectors	 ﾠ(EU	 ﾠ2009a).	 ﾠBoth	 ﾠprovisions	 ﾠadd	 ﾠflexibility	 ﾠin	 ﾠachieving	 ﾠthe	 ﾠfixed	 ﾠ
quantity	 ﾠobjectives.	 ﾠAnother	 ﾠflexibility	 ﾠmechanism	 ﾠwas	 ﾠproposed	 ﾠin	 ﾠthe	 ﾠAmerican	 ﾠPower	 ﾠAct	 ﾠof	 ﾠ2010,	 ﾠ
which	 ﾠwould	 ﾠlink	 ﾠthe	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠallowance	 ﾠprice	 ﾠand	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠcarbon	 ﾠtax	 ﾠ(see	 ﾠBox	 ﾠ4).	 ﾠ
The	 ﾠdesign	 ﾠenables	 ﾠmutual	 ﾠadjustment	 ﾠof	 ﾠmarginal	 ﾠabatement	 ﾠcosts	 ﾠbetween	 ﾠthe	 ﾠtax	 ﾠand	 ﾠtrading	 ﾠ
regime	 ﾠby	 ﾠa	 ﾠcomplex	 ﾠmechanism.	 ﾠ	 ﾠ  49	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6. Cap-and-trade for road transport fuels 
	 ﾠ This	 ﾠchapter	 ﾠfirst	 ﾠinvestigates	 ﾠthe	 ﾠappropriate	 ﾠdesign	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠfor	 ﾠ
road	 ﾠtransport	 ﾠfuels	 ﾠwith	 ﾠa	 ﾠfocus	 ﾠon	 ﾠthe	 ﾠproper	 ﾠpoint	 ﾠof	 ﾠregulation.	 ﾠThen,	 ﾠan	 ﾠ
economic	 ﾠanalysis	 ﾠof	 ﾠprice	 ﾠand	 ﾠquantity	 ﾠeffects	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠintegration	 ﾠto	 ﾠthe	 ﾠ
EU	 ﾠETS	 ﾠbased	 ﾠon	 ﾠa	 ﾠcomparison	 ﾠof	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠfrom	 ﾠdifferent	 ﾠ
institutions	 ﾠis	 ﾠconducted.	 ﾠIt	 ﾠconcludes	 ﾠwith	 ﾠan	 ﾠassessment	 ﾠof	 ﾠthe	 ﾠyear	 ﾠ2020	 ﾠ
abatement	 ﾠvolumes	 ﾠinduced	 ﾠby	 ﾠexisting	 ﾠnon-ﾭ‐market	 ﾠpolicies	 ﾠand	 ﾠstandards	 ﾠin	 ﾠthe	 ﾠ
European	 ﾠUnion,	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠand	 ﾠCalifornia.	 ﾠ	 ﾠ
Summary	 ﾠChapter	 ﾠ6	 ﾠ
•  The	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠcan	 ﾠbe	 ﾠflexibly	 ﾠchosen	 ﾠas	 ﾠlong	 ﾠas	 ﾠ(1)	 ﾠcoverage	 ﾠis	 ﾠ
comprehensive	 ﾠand	 ﾠavoids	 ﾠdouble	 ﾠcounting,	 ﾠ(2)	 ﾠall	 ﾠmitigation	 ﾠoptions	 ﾠare	 ﾠ
incentivized,	 ﾠand	 ﾠ(3)	 ﾠtransaction	 ﾠcosts	 ﾠremain	 ﾠlow.	 ﾠThe	 ﾠfeedstock	 ﾠand	 ﾠfuel	 ﾠ
production	 ﾠlevels	 ﾠare	 ﾠrecommendable	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠfor	 ﾠall	 ﾠconsidered	 ﾠ
fuel	 ﾠchains,	 ﾠexcept	 ﾠfor	 ﾠbiomass	 ﾠwhere	 ﾠonly	 ﾠrefineries	 ﾠare	 ﾠrecommended.	 ﾠ	 ﾠ
•  Upstream	 ﾠregulation	 ﾠis	 ﾠpreferable	 ﾠto	 ﾠmidstream	 ﾠregulation.	 ﾠ
•  A	 ﾠcomparative	 ﾠanalysis	 ﾠbased	 ﾠon	 ﾠyear	 ﾠ2020	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠ
shows	 ﾠthat	 ﾠfor	 ﾠcurrent	 ﾠEU	 ﾠclimate	 ﾠpolicy	 ﾠobjectives	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠroad	 ﾠ
transport	 ﾠsector	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠwill	 ﾠleave	 ﾠEU	 ﾠallowance	 ﾠprices	 ﾠunchanged.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠIn	 ﾠthe	 ﾠmid-ﾭ‐to-ﾭ‐long	 ﾠterm,	 ﾠglobal	 ﾠemission	 ﾠtrading	 ﾠby	 ﾠlinking	 ﾠdomestic	 ﾠ
systems	 ﾠmarkets	 ﾠdelivers	 ﾠefficiency	 ﾠgains	 ﾠand	 ﾠlevels	 ﾠthe	 ﾠcarbon	 ﾠplaying	 ﾠfields	 ﾠ




6.1.  6.1.	 ﾠ Design	 ﾠ	 ﾠ
Point	 ﾠof	 ﾠregulation	 ﾠ
	 ﾠ The	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠspecifies	 ﾠwhere	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠfuel	 ﾠsupply	 ﾠchain	 ﾠ
emissions	 ﾠare	 ﾠmonitored	 ﾠand	 ﾠemission	 ﾠallowances	 ﾠare	 ﾠdelivered	 ﾠto	 ﾠthe	 ﾠregulator.	 ﾠ
While	 ﾠprevious	 ﾠstudies	 ﾠ(e.g.	 ﾠHargrave	 ﾠ2000;	 ﾠWinkelman	 ﾠet	 ﾠal.	 ﾠ2000;	 ﾠStronzig	 ﾠand	 ﾠ
Bühler	 ﾠ2002;	 ﾠBergmann	 ﾠet	 ﾠal.	 ﾠ2005;	 ﾠKampmann	 ﾠet	 ﾠal.	 ﾠ2008;	 ﾠKågesson	 ﾠ2008;	 ﾠHartwig	 ﾠ  50	 ﾠ
et	 ﾠal.	 ﾠ2008;	 ﾠUK	 ﾠDfT	 ﾠundated)	 ﾠexclusively	 ﾠfocused	 ﾠon	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠfor	 ﾠgasoline	 ﾠ
and	 ﾠdiesel,	 ﾠwe	 ﾠconsider	 ﾠfive	 ﾠfuel	 ﾠchains	 ﾠthat	 ﾠmight	 ﾠbecome	 ﾠrelevant	 ﾠin	 ﾠthe	 ﾠfuture	 ﾠ
road	 ﾠtransport	 ﾠmix	 ﾠ(Figure	 ﾠ10).	 ﾠ	 ﾠ
Commodity	 ﾠchains	 ﾠcan	 ﾠbe	 ﾠcharacterized	 ﾠby	 ﾠup-ﾭ‐,	 ﾠmid-ﾭ‐	 ﾠand	 ﾠdownstream	 ﾠ
processes	 ﾠand	 ﾠactors.	 ﾠFor	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠwe	 ﾠdistinguish	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠ
feedstock,	 ﾠfuel	 ﾠproduction	 ﾠ(e.g.	 ﾠrefining,	 ﾠpower	 ﾠgeneration,	 ﾠhydrogen	 ﾠproduction),	 ﾠ
distribution	 ﾠand	 ﾠstorage,	 ﾠand	 ﾠvehicle	 ﾠfuel	 ﾠconsumption.	 ﾠFeedstock	 ﾠproduction	 ﾠis	 ﾠthe	 ﾠ
most	 ﾠ‘upstream’	 ﾠlevel	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠchain,	 ﾠwhile	 ﾠfuel	 ﾠconsumption	 ﾠrepresents	 ﾠthe	 ﾠmost	 ﾠ
‘downstream’	 ﾠlevel.	 ﾠAll	 ﾠother	 ﾠsteps	 ﾠare	 ﾠsomewhere	 ﾠin	 ﾠbetween,	 ﾠbut	 ﾠare	 ﾠcommonly	 ﾠ
referred	 ﾠto	 ﾠbeing	 ﾠupstream	 ﾠor	 ﾠdownstream	 ﾠrelative	 ﾠto	 ﾠother	 ﾠstages	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠchain.	 ﾠ	 ﾠ
Some	 ﾠ(or	 ﾠparts)	 ﾠof	 ﾠfuel	 ﾠchains	 ﾠfeature	 ﾠstrict	 ﾠproportionality	 ﾠbetween	 ﾠthe	 ﾠ
energy	 ﾠcarrier	 ﾠand	 ﾠ(‘embedded’)	 ﾠgreenhouse	 ﾠgas	 ﾠemissions:	 ﾠThe	 ﾠamount	 ﾠof	 ﾠCO2	 ﾠ
emissions	 ﾠthat	 ﾠwill	 ﾠultimately	 ﾠbe	 ﾠreleased	 ﾠfrom	 ﾠburning	 ﾠgasoline	 ﾠor	 ﾠdiesel	 ﾠproduced	 ﾠ
from	 ﾠone	 ﾠbarrel	 ﾠof	 ﾠcrude	 ﾠoil	 ﾠcan	 ﾠbe	 ﾠeasily	 ﾠcalculated.	 ﾠBy	 ﾠcontrast,	 ﾠwhere	 ﾠfuel	 ﾠ
production	 ﾠ(at	 ﾠbiorefineries,	 ﾠpower	 ﾠplants,	 ﾠor	 ﾠhydrogen	 ﾠplants)	 ﾠuses	 ﾠheterogeneous	 ﾠ
primary	 ﾠenergy	 ﾠinputs	 ﾠwith	 ﾠdifferent	 ﾠemission	 ﾠfactors	 ﾠ(coal,	 ﾠgas,	 ﾠoil,	 ﾠrenewables,	 ﾠ
different	 ﾠbiomass	 ﾠstocks)	 ﾠto	 ﾠproduce	 ﾠa	 ﾠhomogenous	 ﾠoutput	 ﾠ(electricity,	 ﾠhydrogen,	 ﾠ
biofuels),	 ﾠonly	 ﾠaverage	 ﾠvalues	 ﾠcan	 ﾠbe	 ﾠdetermined	 ﾠusing	 ﾠlife-ﾭ‐cycle	 ﾠanalysis	 ﾠ(Creutzig	 ﾠ
et	 ﾠal.,	 ﾠ2010).	 ﾠ	 ﾠ
This	 ﾠhas	 ﾠtwo	 ﾠconsequences	 ﾠfor	 ﾠdetermining	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation.	 ﾠStrict	 ﾠ
proportionality	 ﾠof	 ﾠdownstream	 ﾠfuel	 ﾠconsumption	 ﾠto	 ﾠlife	 ﾠcycle	 ﾠGHG	 ﾠemission	 ﾠimplies	 ﾠ
that	 ﾠany	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠcan	 ﾠbe	 ﾠchosen.	 ﾠHowever,	 ﾠhomogenous	 ﾠfinal	 ﾠfuels	 ﾠwith	 ﾠ
varying	 ﾠsupply	 ﾠchains	 ﾠrequire	 ﾠcoverage	 ﾠto	 ﾠbe	 ﾠsufficiently	 ﾠfar	 ﾠupstream	 ﾠto	 ﾠensure	 ﾠ
there	 ﾠis	 ﾠan	 ﾠincentive	 ﾠfor	 ﾠswitching	 ﾠbetween	 ﾠprimary	 ﾠenergy	 ﾠcarriers	 ﾠwith	 ﾠdifferent	 ﾠ
emission	 ﾠfactors.	 ﾠ	 ﾠ
Another	 ﾠimportant	 ﾠaspect	 ﾠis	 ﾠthat	 ﾠin	 ﾠcompetitive	 ﾠmarkets	 ﾠupstream	 ﾠcosts	 ﾠof	 ﾠ
surrendering	 ﾠan	 ﾠallowance	 ﾠupstream	 ﾠ(e.g.	 ﾠat	 ﾠthe	 ﾠrefinery)	 ﾠwill	 ﾠbe	 ﾠfactored	 ﾠinto	 ﾠthe	 ﾠ
fuel	 ﾠprice.	 ﾠIn	 ﾠGermany,	 ﾠfor	 ﾠexample,	 ﾠfuel	 ﾠtaxes	 ﾠare	 ﾠcollected	 ﾠat	 ﾠtax	 ﾠwarehouses	 ﾠbut	 ﾠ
their	 ﾠburden	 ﾠis	 ﾠshifted	 ﾠto	 ﾠconsumers.	 ﾠ	 ﾠ
Three	 ﾠprinciples	 ﾠgovern	 ﾠthe	 ﾠchoice	 ﾠof	 ﾠthe	 ﾠmost	 ﾠeffective	 ﾠand	 ﾠefficient	 ﾠpoint	 ﾠof	 ﾠ
regulation:	 ﾠ	 ﾠ
1.  All	 ﾠfuel	 ﾠchain	 ﾠemissions	 ﾠshould	 ﾠbe	 ﾠcovered	 ﾠand	 ﾠdouble	 ﾠcounting	 ﾠexcluded	 ﾠ
(effectiveness)	 ﾠ
2.  All	 ﾠ emission	 ﾠ reduction	 ﾠ options	 ﾠ in	 ﾠ the	 ﾠ sector	 ﾠ should	 ﾠ be	 ﾠ incentivized	 ﾠ
(efficiency)	 ﾠ
3.  Transaction	 ﾠcosts	 ﾠshould	 ﾠbe	 ﾠminimized	 ﾠ(by	 ﾠchoosing	 ﾠthe	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠ
chain	 ﾠwhere	 ﾠthere	 ﾠare	 ﾠthe	 ﾠfewest	 ﾠentities,	 ﾠwhere	 ﾠcosts	 ﾠof	 ﾠmonitoring	 ﾠand	 ﾠ
compliance	 ﾠ are	 ﾠ lowest,	 ﾠ or	 ﾠ where	 ﾠ proper	 ﾠ administrative	 ﾠ structures	 ﾠ are	 ﾠ
already	 ﾠin	 ﾠplace)	 ﾠ
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With	 ﾠthree	 ﾠprinciples,	 ﾠfour	 ﾠpotential	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠ(feedstock	 ﾠ
production,	 ﾠfuel	 ﾠproduction,	 ﾠfuel	 ﾠstorage	 ﾠand	 ﾠdistribution,	 ﾠfinal	 ﾠconsumption),	 ﾠand	 ﾠ
five	 ﾠfuel	 ﾠchains	 ﾠa	 ﾠcomprehensive	 ﾠdiscussion	 ﾠneeds	 ﾠto	 ﾠcover	 ﾠ60	 ﾠfacets.	 ﾠThis	 ﾠis	 ﾠbeyond	 ﾠ
the	 ﾠscope	 ﾠof	 ﾠthis	 ﾠreport,	 ﾠand	 ﾠwe	 ﾠrestrict	 ﾠthe	 ﾠdiscussion	 ﾠto	 ﾠmajor	 ﾠissues	 ﾠin	 ﾠeach	 ﾠfuel	 ﾠ
chain.	 ﾠFigure	 ﾠ10	 ﾠprovides	 ﾠan	 ﾠoverview	 ﾠof	 ﾠfuel	 ﾠchains	 ﾠand	 ﾠtheir	 ﾠkey	 ﾠcharacteristics.	 ﾠ	 ﾠ
Gasoline,	 ﾠdiesel	 ﾠand	 ﾠnatural	 ﾠgas	 ﾠexhibit	 ﾠsubstantial	 ﾠstructural	 ﾠsimilarity.	 ﾠCO2	 ﾠ
emissions	 ﾠper	 ﾠunit	 ﾠenergy	 ﾠare	 ﾠproportional	 ﾠthroughout	 ﾠthe	 ﾠfuel	 ﾠchain,	 ﾠand	 ﾠupstream	 ﾠ
process	 ﾠemissions	 ﾠe.g.	 ﾠin	 ﾠtar	 ﾠsand	 ﾠprocessing	 ﾠor	 ﾠoil	 ﾠrefining	 ﾠmay	 ﾠbe	 ﾠcovered	 ﾠ
separately.	 ﾠThe	 ﾠmajor	 ﾠabatement	 ﾠoptions	 ﾠare	 ﾠswitching	 ﾠaway	 ﾠfrom	 ﾠcarbon	 ﾠintensive	 ﾠ
feedstocks	 ﾠ(e.g.	 ﾠtar	 ﾠsands,	 ﾠcoal-ﾭ‐to-ﾭ‐liquid)	 ﾠand	 ﾠavoiding	 ﾠcombustion	 ﾠof	 ﾠthe	 ﾠfinal	 ﾠfuel	 ﾠ
altogether.	 ﾠThe	 ﾠprocess	 ﾠemissions	 ﾠfrom	 ﾠtar	 ﾠsand	 ﾠor	 ﾠcoal-ﾭ‐to-ﾭ‐liquid	 ﾠoperations	 ﾠcan	 ﾠbe	 ﾠ
covered	 ﾠseparately	 ﾠfrom	 ﾠthe	 ﾠfuel	 ﾠcontent	 ﾠof	 ﾠthe	 ﾠproduced	 ﾠfinal	 ﾠfuel.	 ﾠEffectiveness	 ﾠ
and	 ﾠefficiency	 ﾠconsiderations	 ﾠenable	 ﾠregulation	 ﾠat	 ﾠany	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠfuel	 ﾠchain,	 ﾠthus	 ﾠ
transaction	 ﾠcost	 ﾠconsiderations	 ﾠwill	 ﾠbe	 ﾠthe	 ﾠdecisive	 ﾠfactor.	 ﾠSince	 ﾠa	 ﾠdetailed	 ﾠanalysis	 ﾠ
of	 ﾠthe	 ﾠrelative	 ﾠtransaction	 ﾠcosts	 ﾠof	 ﾠthe	 ﾠpotential	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠis	 ﾠnot	 ﾠavailable	 ﾠ
and	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠstudy,	 ﾠonly	 ﾠthe	 ﾠdownstream	 ﾠlevel	 ﾠof	 ﾠvehicles	 ﾠis	 ﾠ
excluded	 ﾠfrom	 ﾠthe	 ﾠset	 ﾠof	 ﾠrecommendable	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠas	 ﾠit	 ﾠwould	 ﾠliterally	 ﾠ
involve	 ﾠmillions	 ﾠof	 ﾠactors.	 ﾠAll	 ﾠother	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠare	 ﾠgenerally	 ﾠsuitable	 ﾠfor	 ﾠ
effective	 ﾠand	 ﾠefficient	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠinclusion.	 ﾠFor	 ﾠfuels	 ﾠimported	 ﾠfrom	 ﾠregions	 ﾠthat	 ﾠ
lack	 ﾠcomparable	 ﾠcarbon	 ﾠpricing	 ﾠsystems,	 ﾠthe	 ﾠproper	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠis	 ﾠat	 ﾠthe	 ﾠ


















Figure 10: Optimal point of regulation for different transport fuel chains. Data sources: 
CARB 2009; Hargrave 2000; NREL 2010; Stavins 2007. 
	 ﾠ
Upstream	 ﾠcoverage	 ﾠof	 ﾠfossil-ﾭ‐based	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠe.g.	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠfuel	 ﾠ
refining	 ﾠis	 ﾠnot	 ﾠonly	 ﾠwidely	 ﾠrecommended	 ﾠby	 ﾠthe	 ﾠliterature	 ﾠ(see	 ﾠKampmann	 ﾠet	 ﾠal.	 ﾠ
2008	 ﾠfor	 ﾠa	 ﾠreview),	 ﾠbut	 ﾠall	 ﾠlegislative	 ﾠproposals	 ﾠfor	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠcoverage	 ﾠof	 ﾠ
gasoline	 ﾠand	 ﾠdiesel	 ﾠenvisage	 ﾠinclusion	 ﾠof	 ﾠemissions	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠfuel	 ﾠproduction	 ﾠ
(ACESA	 ﾠ2009;	 ﾠAPA	 ﾠ2010	 ﾠ(see	 ﾠBox	 ﾠ4);	 ﾠCalifornia	 ﾠ2009;	 ﾠAustralian	 ﾠGovernment	 ﾠ
2008).	 ﾠIn	 ﾠthe	 ﾠEU	 ﾠETS,	 ﾠrefinery	 ﾠprocess	 ﾠemissions	 ﾠare	 ﾠalready	 ﾠcovered	 ﾠ(EC	 ﾠ2003).	 ﾠ
Coverage	 ﾠat	 ﾠthe	 ﾠfuel	 ﾠproduction	 ﾠlevel–i.e.	 ﾠoil	 ﾠand	 ﾠgas	 ﾠrefining	 ﾠand	 ﾠimporting	 ﾠ
companies–is	 ﾠconsidered	 ﾠan	 ﾠelegant	 ﾠapproach	 ﾠwhich	 ﾠwould	 ﾠenable	 ﾠa	 ﾠcomprehensive	 ﾠ
economy-ﾭ‐wide	 ﾠtrading	 ﾠsystem	 ﾠat	 ﾠlow	 ﾠadministrative	 ﾠcosts	 ﾠ(Stavins	 ﾠ2007).	 ﾠ
Alternatively,	 ﾠthe	 ﾠdistribution	 ﾠlevel	 ﾠ(e.g.	 ﾠgas	 ﾠdistributors,	 ﾠfuel	 ﾠtax	 ﾠwarehouses)	 ﾠhas	 ﾠ
been	 ﾠproposed	 ﾠwhere	 ﾠpre-ﾭ‐existing	 ﾠfuel	 ﾠtaxation	 ﾠadministration	 ﾠstructures	 ﾠcan	 ﾠbe	 ﾠ
utilized	 ﾠto	 ﾠcontain	 ﾠtransaction	 ﾠcosts	 ﾠ(California	 ﾠ2009;	 ﾠBergmann	 ﾠet	 ﾠal.	 ﾠ2005).	 ﾠ	 ﾠ
	 ﾠ
The	 ﾠhydrogen	 ﾠand	 ﾠelectricity	 ﾠfuel	 ﾠchains	 ﾠalso	 ﾠshare	 ﾠcrucial	 ﾠcharacteristics.	 ﾠ
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Both	 ﾠinvolve	 ﾠa	 ﾠhomogenous	 ﾠfinal	 ﾠenergy	 ﾠproduct	 ﾠ(electricity	 ﾠand	 ﾠhydrogen)	 ﾠthat	 ﾠcan	 ﾠ
be	 ﾠcreated	 ﾠfrom	 ﾠa	 ﾠwide	 ﾠrange	 ﾠof	 ﾠfeedstocks	 ﾠwith	 ﾠdifferent	 ﾠemission	 ﾠfactors	 ﾠ(coal,	 ﾠgas,	 ﾠ
oil,	 ﾠrenewables).	 ﾠHence,	 ﾠswitching	 ﾠto	 ﾠlow-ﾭ‐carbon	 ﾠprimary	 ﾠenergy	 ﾠinputs	 ﾠis	 ﾠonly	 ﾠ
incentivized	 ﾠif	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠis	 ﾠupstream	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠfeedstock	 ﾠor	 ﾠfuel	 ﾠ
production.	 ﾠFor	 ﾠelectricity	 ﾠand	 ﾠhydrogen	 ﾠimported	 ﾠfrom	 ﾠregions	 ﾠthat	 ﾠlack	 ﾠ
comparable	 ﾠcarbon	 ﾠpricing	 ﾠsystems,	 ﾠthe	 ﾠproper	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠis	 ﾠat	 ﾠthe	 ﾠimport	 ﾠ
of	 ﾠthe	 ﾠproduct	 ﾠwith	 ﾠaverage	 ﾠemission	 ﾠfactors	 ﾠof	 ﾠfuel	 ﾠproduction	 ﾠsystems	 ﾠin	 ﾠthe	 ﾠ
country	 ﾠof	 ﾠorigin	 ﾠhave	 ﾠto	 ﾠbe	 ﾠapplied	 ﾠas	 ﾠthe	 ﾠbest	 ﾠproxy	 ﾠfor	 ﾠaccurate	 ﾠaccounting.	 ﾠ
	 ﾠ
Biofuels	 ﾠrepresent	 ﾠthe	 ﾠmost	 ﾠsignificant	 ﾠchallenge	 ﾠfor	 ﾠinclusion	 ﾠto	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠdue	 ﾠto	 ﾠthe	 ﾠsubstantial	 ﾠtechnical	 ﾠgreenhouse	 ﾠgas	 ﾠaccounting	 ﾠdifficulties	 ﾠ
(Creutzig	 ﾠand	 ﾠKammen,	 ﾠ2010;	 ﾠCreutzig	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠEmissions	 ﾠassociated	 ﾠwith	 ﾠ
biomass	 ﾠproduction	 ﾠwill	 ﾠdiffer	 ﾠacross	 ﾠcrops,	 ﾠregions,	 ﾠfarmers	 ﾠand	 ﾠeven	 ﾠfields.	 ﾠ
Accurate	 ﾠmonitoring	 ﾠof	 ﾠemissions	 ﾠat	 ﾠthe	 ﾠfarmer	 ﾠand	 ﾠacre	 ﾠlevel	 ﾠwould	 ﾠinvolve	 ﾠ
significant	 ﾠtransaction	 ﾠcosts	 ﾠmaking	 ﾠthis	 ﾠapproach	 ﾠbasically	 ﾠinfeasible.	 ﾠIn	 ﾠaddition,	 ﾠ
even	 ﾠif	 ﾠsuch	 ﾠa	 ﾠsystem	 ﾠwas	 ﾠput	 ﾠin	 ﾠplace	 ﾠin	 ﾠone	 ﾠregion	 ﾠbut	 ﾠnot	 ﾠon	 ﾠa	 ﾠglobal	 ﾠscale,	 ﾠ
indirect	 ﾠglobal	 ﾠeffects	 ﾠof	 ﾠdomestic	 ﾠbiomass	 ﾠproduction	 ﾠstill	 ﾠarise	 ﾠas	 ﾠworld	 ﾠagrarian	 ﾠ
market	 ﾠprices	 ﾠwill	 ﾠbe	 ﾠaffected	 ﾠby	 ﾠdomestic	 ﾠproduction	 ﾠinducing	 ﾠchanges	 ﾠin	 ﾠglobal	 ﾠ
emission	 ﾠlevels	 ﾠthat	 ﾠdepend	 ﾠon	 ﾠmarket	 ﾠdynamics	 ﾠand	 ﾠland-ﾭ‐use	 ﾠand	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠ
patterns.	 ﾠHence,	 ﾠlifecycle	 ﾠaccounting	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠbiofuel	 ﾠproduction	 ﾠfacilities	 ﾠ
appears	 ﾠas	 ﾠthe	 ﾠsecond	 ﾠbest	 ﾠpoint	 ﾠof	 ﾠregulation,	 ﾠas	 ﾠit	 ﾠenables	 ﾠdifferentiation	 ﾠacross	 ﾠ
different	 ﾠcrops	 ﾠthat	 ﾠtend	 ﾠto	 ﾠfeature	 ﾠdifferent	 ﾠnet	 ﾠemission	 ﾠfactors.	 ﾠIn	 ﾠanalogy	 ﾠto	 ﾠ
electricity	 ﾠand	 ﾠhydrogen,	 ﾠthis	 ﾠwould	 ﾠenable	 ﾠswitching	 ﾠacross	 ﾠmore	 ﾠor	 ﾠless	 ﾠGHG-ﾭ‐
intensive	 ﾠbiomass	 ﾠfeedstocks	 ﾠwhich	 ﾠwould	 ﾠnot	 ﾠbe	 ﾠpossible	 ﾠwith	 ﾠregulation	 ﾠof	 ﾠ
homogenous	 ﾠbiofuels	 ﾠ(e.g.	 ﾠethanol)	 ﾠfurther	 ﾠdownstream.	 ﾠImported	 ﾠbiofuels	 ﾠfrom	 ﾠ
regions	 ﾠwithout	 ﾠa	 ﾠcomparable	 ﾠcarbon	 ﾠpricing	 ﾠsystem	 ﾠhave	 ﾠto	 ﾠbe	 ﾠaccounted	 ﾠby	 ﾠusing	 ﾠ
average	 ﾠvalues	 ﾠfrom	 ﾠlifecycle	 ﾠanalyses.	 ﾠ	 ﾠ
	 ﾠ
Another	 ﾠproposal	 ﾠsuggests	 ﾠto	 ﾠinclude	 ﾠvehicle	 ﾠmanufacturers	 ﾠinto	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠsystem	 ﾠby	 ﾠattributing	 ﾠtheir	 ﾠvehicle	 ﾠsales	 ﾠwith	 ﾠexpected	 ﾠlifetime	 ﾠemissions	 ﾠand	 ﾠ
requiring	 ﾠdelivery	 ﾠof	 ﾠallowances	 ﾠfrom	 ﾠthe	 ﾠmanufacturer	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠvehicle	 ﾠsales	 ﾠ-ﾭ‐	 ﾠ
effectively	 ﾠfrontloading	 ﾠallowance	 ﾠexpenditures	 ﾠfor	 ﾠfuels	 ﾠfor	 ﾠthe	 ﾠconsumer	 ﾠ
(Winkelman	 ﾠet	 ﾠal.	 ﾠ2000).	 ﾠThis	 ﾠso-ﾭ‐called	 ﾠmidstream	 ﾠapproach	 ﾠsuffers	 ﾠfrom	 ﾠtwo	 ﾠ
fundamental	 ﾠproblems.	 ﾠFirst,	 ﾠit	 ﾠis	 ﾠinefficient	 ﾠbecause	 ﾠthere	 ﾠis	 ﾠno	 ﾠincentive	 ﾠto	 ﾠadjust	 ﾠ
driving	 ﾠbehavior	 ﾠand	 ﾠfuel	 ﾠproduction.	 ﾠSecond,	 ﾠattributing	 ﾠlifetime	 ﾠemissions	 ﾠto	 ﾠ
vehicles	 ﾠrequires	 ﾠcumbersome	 ﾠdefinition	 ﾠof	 ﾠuniform	 ﾠemission	 ﾠfactors	 ﾠfor	 ﾠfuels	 ﾠand	 ﾠ
cars.	 ﾠPolicy	 ﾠdesign	 ﾠis	 ﾠfurther	 ﾠcomplicated	 ﾠby	 ﾠthe	 ﾠneed	 ﾠof	 ﾠmulti-ﾭ‐year	 ﾠtrading	 ﾠperiods	 ﾠ
to	 ﾠenable	 ﾠcar	 ﾠmanufacturers	 ﾠsurrendering	 ﾠallowances	 ﾠfor	 ﾠvehicle	 ﾠemissions	 ﾠseveral	 ﾠ
years	 ﾠahead.	 ﾠ	 ﾠ
	 ﾠ
In	 ﾠsummary,	 ﾠthere	 ﾠis	 ﾠsome	 ﾠflexibility	 ﾠin	 ﾠchoosing	 ﾠthe	 ﾠappropriate	 ﾠpoint	 ﾠof	 ﾠ
regulation	 ﾠwithout	 ﾠcompromising	 ﾠeffectiveness	 ﾠand	 ﾠefficiency	 ﾠif	 ﾠ(1)	 ﾠcoverage	 ﾠis	 ﾠ
comprehensive	 ﾠand	 ﾠavoids	 ﾠdouble	 ﾠcounting,	 ﾠ(2)	 ﾠall	 ﾠmitigation	 ﾠoptions	 ﾠare	 ﾠ
incentivized,	 ﾠand	 ﾠ(3)	 ﾠtransaction	 ﾠcosts	 ﾠremain	 ﾠlow.	 ﾠThe	 ﾠfeedstock	 ﾠand	 ﾠfuel	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production	 ﾠlevels	 ﾠare	 ﾠrecommendable	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠfor	 ﾠall	 ﾠof	 ﾠthe	 ﾠconsidered	 ﾠ
fuel	 ﾠchains,	 ﾠexcept	 ﾠfor	 ﾠbiomass	 ﾠwhere	 ﾠonly	 ﾠrefineries	 ﾠare	 ﾠrecommended	 ﾠdue	 ﾠto	 ﾠ
prohibitive	 ﾠtransaction	 ﾠcosts	 ﾠat	 ﾠthe	 ﾠfarming	 ﾠlevel.	 ﾠWhile	 ﾠit	 ﾠis	 ﾠtheoretically	 ﾠpossible	 ﾠto	 ﾠ
determine	 ﾠdifferent	 ﾠpoints	 ﾠof	 ﾠregulation	 ﾠfor	 ﾠdifferent	 ﾠeconomic	 ﾠsectors	 ﾠ(Hargrave	 ﾠ
2000),	 ﾠconsistency	 ﾠis	 ﾠnecessary	 ﾠfor	 ﾠavoiding	 ﾠloopholes	 ﾠand	 ﾠdouble-ﾭ‐pricing.	 ﾠ
	 ﾠ
	 ﾠ
Other	 ﾠdesign	 ﾠfeatures	 ﾠ
We	 ﾠexamine	 ﾠfour	 ﾠadditional	 ﾠchoices	 ﾠin	 ﾠdesigning	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠ
including	 ﾠroad	 ﾠtransport	 ﾠfuels:	 ﾠi)	 ﾠsetting	 ﾠof	 ﾠthe	 ﾠcap,	 ﾠii)	 ﾠallocation	 ﾠof	 ﾠallowance	 ﾠvalue,	 ﾠ
iii)	 ﾠtemporal	 ﾠflexibility,	 ﾠand	 ﾠiv)	 ﾠquality	 ﾠof	 ﾠoffset	 ﾠcredits.	 ﾠRegional	 ﾠflexibility	 ﾠattained	 ﾠ
by	 ﾠlinking	 ﾠdifferent	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠis	 ﾠexamined	 ﾠin	 ﾠChapter	 ﾠ6.3.	 ﾠ	 ﾠ
The	 ﾠcap,	 ﾠi.e.	 ﾠthe	 ﾠtotal	 ﾠof	 ﾠemission	 ﾠallowances	 ﾠallocated	 ﾠto	 ﾠthe	 ﾠcovered	 ﾠentities,	 ﾠ
is	 ﾠthe	 ﾠcentral	 ﾠfeature	 ﾠof	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem	 ﾠas	 ﾠit	 ﾠdetermines	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠ
environmental	 ﾠambition.	 ﾠAt	 ﾠleast	 ﾠtwo	 ﾠaspects	 ﾠneed	 ﾠto	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠwhen	 ﾠ
considering	 ﾠoptimal	 ﾠsector	 ﾠcaps:	 ﾠglobal	 ﾠclimate	 ﾠpolicy	 ﾠobjectives	 ﾠand	 ﾠeconomy-ﾭ‐wide	 ﾠ
efficiency	 ﾠconsiderations.	 ﾠSectoral	 ﾠcaps	 ﾠin	 ﾠregional	 ﾠtrading	 ﾠsystems	 ﾠshould	 ﾠrelate	 ﾠto	 ﾠ
a	 ﾠregion’s	 ﾠglobal	 ﾠlong	 ﾠterm	 ﾠclimate	 ﾠpolicy	 ﾠtarget	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠ2°C	 ﾠobjective	 ﾠendorsed	 ﾠ
at	 ﾠCopenhagen	 ﾠ(UNFCCC	 ﾠ2009).	 ﾠThe	 ﾠmajor	 ﾠimplication	 ﾠis	 ﾠthat	 ﾠcaps	 ﾠshould	 ﾠbe	 ﾠ
sufficiently	 ﾠstringent	 ﾠto	 ﾠachieve	 ﾠsuch	 ﾠambitious	 ﾠreduction	 ﾠtargets	 ﾠ	 ﾠ(Meinshausen	 ﾠet	 ﾠ
al.	 ﾠ2009;	 ﾠWBGU	 ﾠ2009).	 ﾠ	 ﾠ
Box	 ﾠ4:	 ﾠRoad	 ﾠtransport	 ﾠfuels	 ﾠin	 ﾠthe	 ﾠAmerican	 ﾠPower	 ﾠAct	 ﾠ
The	 ﾠAmerican	 ﾠPower	 ﾠAct	 ﾠ(APA)	 ﾠintroduced	 ﾠto	 ﾠthe	 ﾠUS	 ﾠSenate	 ﾠon	 ﾠMay	 ﾠ12th	 ﾠby	 ﾠ
Senators	 ﾠKerry	 ﾠand	 ﾠLieberman	 ﾠincludes	 ﾠroad	 ﾠtransport	 ﾠfuels	 ﾠat	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠrefined	 ﾠ
fuel	 ﾠproviders,	 ﾠi.e.	 ﾠrefineries	 ﾠand	 ﾠimporters	 ﾠof	 ﾠrefined	 ﾠfuels.	 ﾠOverall,	 ﾠthe	 ﾠscheme	 ﾠforesees	 ﾠ
inclusion	 ﾠof	 ﾠabout	 ﾠ7,500	 ﾠmajor	 ﾠstationary	 ﾠsources	 ﾠresponsible	 ﾠfor	 ﾠ~88%	 ﾠof	 ﾠyear	 ﾠ2005	 ﾠ
United	 ﾠStates	 ﾠGHG	 ﾠin	 ﾠ2020	 ﾠ(APA	 ﾠ2010;	 ﾠCAIT	 ﾠ2010).	 ﾠ	 ﾠ
Road	 ﾠtransport	 ﾠfuels	 ﾠare	 ﾠincluded	 ﾠby	 ﾠa	 ﾠspecial	 ﾠprovision:	 ﾠevery	 ﾠquarter,	 ﾠthe	 ﾠ
Administrator	 ﾠ(EPA)	 ﾠdetermines	 ﾠthe	 ﾠnext	 ﾠquarters’	 ﾠexpected	 ﾠdemand	 ﾠfor	 ﾠallowances	 ﾠby	 ﾠ
the	 ﾠtransport	 ﾠsector,	 ﾠbased	 ﾠon	 ﾠhistorical	 ﾠfuel	 ﾠconsumption.	 ﾠThese	 ﾠallowances	 ﾠare	 ﾠ
deducted	 ﾠfrom	 ﾠthe	 ﾠtotal	 ﾠquarterly	 ﾠallowance	 ﾠauctioning	 ﾠvolume	 ﾠof	 ﾠthe	 ﾠsystem.	 ﾠThe	 ﾠroad	 ﾠ
transport	 ﾠallowances	 ﾠare	 ﾠthen	 ﾠsold	 ﾠat	 ﾠa	 ﾠfixed	 ﾠprice	 ﾠto	 ﾠfuel	 ﾠproviders,	 ﾠthis	 ﾠprice	 ﾠbeing	 ﾠ
equal	 ﾠto	 ﾠthe	 ﾠprevious	 ﾠquarter’s	 ﾠauctioning	 ﾠclearing	 ﾠprice	 ﾠin	 ﾠthe	 ﾠETS.	 ﾠRoad	 ﾠtransport	 ﾠ
sector	 ﾠallowances	 ﾠcannot	 ﾠbe	 ﾠtraded	 ﾠor	 ﾠbanked,	 ﾠi.e.	 ﾠtheir	 ﾠuse	 ﾠis	 ﾠrestricted	 ﾠto	 ﾠcompliance	 ﾠ
by	 ﾠfuel	 ﾠproviders.	 ﾠIn	 ﾠan	 ﾠindirect	 ﾠmanner,	 ﾠthis	 ﾠmechanism	 ﾠenables	 ﾠmutual	 ﾠadjustment	 ﾠof	 ﾠ
prices	 ﾠand	 ﾠquantities	 ﾠin	 ﾠthe	 ﾠETS	 ﾠsectors	 ﾠand	 ﾠroad	 ﾠtransportation:	 ﾠChanging	 ﾠauctioning	 ﾠ
prices	 ﾠin	 ﾠthe	 ﾠETS	 ﾠtranslate	 ﾠto	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠfixed	 ﾠtransport	 ﾠallowance	 ﾠprice,	 ﾠinducing	 ﾠ
changes	 ﾠin	 ﾠtransport	 ﾠfuel	 ﾠdemand.	 ﾠChanges	 ﾠin	 ﾠtransportation	 ﾠfuel	 ﾠdemand	 ﾠalter	 ﾠthe	 ﾠ
quantity	 ﾠof	 ﾠallowances	 ﾠeligible	 ﾠfor	 ﾠauctioning	 ﾠin	 ﾠthe	 ﾠETS,	 ﾠthus	 ﾠensuring	 ﾠa	 ﾠfull	 ﾠfeedback	 ﾠ
loop	 ﾠbetween	 ﾠthe	 ﾠsectors	 ﾠthat	 ﾠwill	 ﾠcontain	 ﾠthe	 ﾠefficiency	 ﾠloss	 ﾠof	 ﾠnot	 ﾠdirectly	 ﾠincluding	 ﾠ
transport	 ﾠto	 ﾠthe	 ﾠETS.	 ﾠ
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In	 ﾠpresence	 ﾠof	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠemission	 ﾠreduction	 ﾠtarget	 ﾠsetting	 ﾠan	 ﾠETS	 ﾠ
cap	 ﾠinevitably	 ﾠimplies	 ﾠa	 ﾠresidual	 ﾠcap	 ﾠfor	 ﾠnon-ﾭ‐ETS	 ﾠsectors.	 ﾠTo	 ﾠensure	 ﾠefficiency,	 ﾠthe	 ﾠ
ETS	 ﾠcap	 ﾠshould	 ﾠbe	 ﾠchosen	 ﾠso	 ﾠas	 ﾠto	 ﾠharmonize	 ﾠexplicit	 ﾠMAC	 ﾠ(allowance	 ﾠprices)	 ﾠin	 ﾠETS	 ﾠ
sectors	 ﾠwith	 ﾠMAC	 ﾠin	 ﾠnon-ﾭ‐ETS	 ﾠsectors	 ﾠ(e.g.	 ﾠBöhringer	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠIf	 ﾠsome	 ﾠroad	 ﾠ
transport	 ﾠfuels	 ﾠare	 ﾠadded	 ﾠto	 ﾠan	 ﾠalready	 ﾠexisting	 ﾠETS	 ﾠ–	 ﾠas	 ﾠcould	 ﾠbe	 ﾠthe	 ﾠcase	 ﾠin	 ﾠEurope	 ﾠ
–	 ﾠperfect	 ﾠpolicy	 ﾠdesign	 ﾠprior	 ﾠto	 ﾠthe	 ﾠintegration	 ﾠwould	 ﾠimply	 ﾠthat	 ﾠroad	 ﾠtransport	 ﾠ
inclusion	 ﾠhas	 ﾠno	 ﾠimpact	 ﾠon	 ﾠETS	 ﾠallowance	 ﾠprices.	 ﾠThe	 ﾠ(implicit)	 ﾠpre-ﾭ‐integration	 ﾠcap	 ﾠ
for	 ﾠroad	 ﾠtransportation	 ﾠshould	 ﾠalready	 ﾠimply	 ﾠidentical	 ﾠMAC	 ﾠfor	 ﾠtransport	 ﾠand	 ﾠETS	 ﾠ
sectors.	 ﾠRising	 ﾠor	 ﾠfalling	 ﾠallowance	 ﾠprices	 ﾠdue	 ﾠto	 ﾠroad	 ﾠtransport	 ﾠinclusion	 ﾠcan	 ﾠ
therefore	 ﾠbe	 ﾠinterpreted	 ﾠas	 ﾠsignaling	 ﾠthe	 ﾠinefficiency	 ﾠof	 ﾠpre-ﾭ‐integration	 ﾠpolicy.	 ﾠ	 ﾠ
Allocation	 ﾠof	 ﾠallowances	 ﾠto	 ﾠthe	 ﾠmarket	 ﾠhas	 ﾠtwo	 ﾠimportant	 ﾠaspects,	 ﾠone	 ﾠ
touching	 ﾠupon	 ﾠefficiency	 ﾠconsiderations,	 ﾠthe	 ﾠother	 ﾠconcerning	 ﾠdistributional	 ﾠ
consequences.	 ﾠWe	 ﾠconsider	 ﾠauctioning	 ﾠof	 ﾠallowances	 ﾠas	 ﾠthe	 ﾠbest	 ﾠapproach	 ﾠfor	 ﾠgood	 ﾠ
performance	 ﾠon	 ﾠboth	 ﾠdimensions.	 ﾠRegarding	 ﾠefficiency,	 ﾠtheory	 ﾠstates	 ﾠthat	 ﾠallocation	 ﾠ
and	 ﾠefficiency	 ﾠare	 ﾠfully	 ﾠindependent,	 ﾠbut	 ﾠthere	 ﾠare	 ﾠplausible	 ﾠempirical	 ﾠcircumstances	 ﾠ
that	 ﾠcan	 ﾠviolate	 ﾠthis	 ﾠpresumption.	 ﾠThese	 ﾠinclude	 ﾠperverse	 ﾠincentives	 ﾠwhen	 ﾠfuture	 ﾠ
free	 ﾠallocation	 ﾠis	 ﾠbased	 ﾠupon	 ﾠcurrent	 ﾠemission	 ﾠlevels,	 ﾠmarket	 ﾠentry	 ﾠbarriers	 ﾠif	 ﾠ
incumbents	 ﾠreceive	 ﾠallowance	 ﾠfor	 ﾠfree	 ﾠ(but	 ﾠnew	 ﾠentrants	 ﾠdo	 ﾠnot),	 ﾠand	 ﾠthe	 ﾠsocial	 ﾠ
costs	 ﾠof	 ﾠrent	 ﾠseeking	 ﾠas	 ﾠcompanies	 ﾠlobby	 ﾠfor	 ﾠgenerous	 ﾠfree	 ﾠallocation	 ﾠ(e.g.Hepburn	 ﾠ
et	 ﾠal.	 ﾠ2006).	 ﾠThese	 ﾠproblems	 ﾠdo	 ﾠnot	 ﾠexist	 ﾠwith	 ﾠauctioning	 ﾠof	 ﾠallowances.	 ﾠ	 ﾠ
Concerning	 ﾠdistributional	 ﾠconsiderations,	 ﾠfree	 ﾠallocation	 ﾠrepresents	 ﾠa	 ﾠ
transfer	 ﾠof	 ﾠwealth	 ﾠto	 ﾠthe	 ﾠrecipients	 ﾠof	 ﾠthe	 ﾠallowance	 ﾠvalue.	 ﾠIn	 ﾠcompetitive	 ﾠmarkets	 ﾠ
companies	 ﾠwill	 ﾠpass	 ﾠthrough	 ﾠthe	 ﾠopportunity	 ﾠcosts	 ﾠof	 ﾠusing	 ﾠemission	 ﾠallowances	 ﾠfor	 ﾠ
compliance	 ﾠto	 ﾠconsumers	 ﾠ-ﾭ‐	 ﾠeven	 ﾠif	 ﾠthey	 ﾠreceived	 ﾠthese	 ﾠfor	 ﾠfree	 ﾠ-ﾭ‐	 ﾠbecause	 ﾠthey	 ﾠmight	 ﾠ
alternatively	 ﾠhave	 ﾠsold	 ﾠthe	 ﾠallowances	 ﾠon	 ﾠthe	 ﾠcarbon	 ﾠmarket	 ﾠ(Sijm	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠWith	 ﾠ
auctioning	 ﾠof	 ﾠallowances,	 ﾠcompanies	 ﾠwill	 ﾠpass	 ﾠon	 ﾠthe	 ﾠcost	 ﾠof	 ﾠallowances	 ﾠto	 ﾠ
consumers	 ﾠas	 ﾠwell	 ﾠbut	 ﾠauctioning	 ﾠproceeds	 ﾠremain	 ﾠwith	 ﾠthe	 ﾠgeneral	 ﾠpublic.	 ﾠ
Allowance	 ﾠauction	 ﾠrevenues	 ﾠcould	 ﾠbe	 ﾠreturned	 ﾠto	 ﾠcitizens	 ﾠto	 ﾠoffset	 ﾠincreased	 ﾠfuel	 ﾠ
prices	 ﾠ(‘cap-ﾭ‐and-ﾭ‐dividend’),	 ﾠthus	 ﾠreducing	 ﾠthe	 ﾠnet	 ﾠcosts	 ﾠof	 ﾠcarbon	 ﾠtrading	 ﾠto	 ﾠ
households.	 ﾠLump	 ﾠsum	 ﾠtransfers	 ﾠof	 ﾠauctioning	 ﾠrevenues	 ﾠwill	 ﾠhave	 ﾠprogressive	 ﾠ
distributional	 ﾠclimate	 ﾠpolicy	 ﾠeffects	 ﾠ(Burtraw	 ﾠet	 ﾠal.	 ﾠ2009),	 ﾠwhereas	 ﾠfree	 ﾠallocation	 ﾠ
ultimately	 ﾠbenefits	 ﾠthe	 ﾠusually	 ﾠmore	 ﾠwealthy	 ﾠshareholders	 ﾠof	 ﾠthe	 ﾠreceiving	 ﾠ
companies	 ﾠand,	 ﾠhence,	 ﾠis	 ﾠregressive.	 ﾠAlternative	 ﾠuses	 ﾠfor	 ﾠauctioning	 ﾠproceeds	 ﾠ
include	 ﾠreduction	 ﾠof	 ﾠdistortive	 ﾠtaxes	 ﾠ(Goulder	 ﾠ1995)	 ﾠor	 ﾠfinancing	 ﾠlow-ﾭ‐carbon	 ﾠ
research	 ﾠand	 ﾠdevelopment	 ﾠefforts.	 ﾠ	 ﾠ
Cap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠusually	 ﾠprovide	 ﾠfor	 ﾠtemporal	 ﾠflexibility	 ﾠof	 ﾠabatement	 ﾠ
by	 ﾠenabling	 ﾠbanking	 ﾠand,	 ﾠto	 ﾠa	 ﾠlesser	 ﾠextent,	 ﾠborrowing	 ﾠof	 ﾠallowances.	 ﾠBanking	 ﾠrefers	 ﾠ
to	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠsaving	 ﾠallowances	 ﾠfor	 ﾠlater	 ﾠuse,	 ﾠthus	 ﾠsetting	 ﾠan	 ﾠincentive	 ﾠto	 ﾠ
purchase	 ﾠallowances	 ﾠand/or	 ﾠimplement	 ﾠearly	 ﾠabatement	 ﾠto	 ﾠhold	 ﾠallowances	 ﾠas	 ﾠan	 ﾠ
asset.	 ﾠBanking	 ﾠwill	 ﾠoccur	 ﾠif	 ﾠthe	 ﾠrisk-ﾭ‐adjusted	 ﾠvalue	 ﾠof	 ﾠallowances	 ﾠis	 ﾠexpected	 ﾠto	 ﾠrise	 ﾠ
more	 ﾠthan	 ﾠthe	 ﾠgeneral	 ﾠinterest	 ﾠrate.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠallowance	 ﾠprices	 ﾠare	 ﾠsmoothed	 ﾠover	 ﾠ
time.	 ﾠBorrowing,	 ﾠby	 ﾠcontrast,	 ﾠrefers	 ﾠto	 ﾠthe	 ﾠpossibility	 ﾠof	 ﾠlending	 ﾠallowances	 ﾠfrom	 ﾠ
future	 ﾠperiods	 ﾠand	 ﾠwill	 ﾠoccur	 ﾠif	 ﾠit	 ﾠis	 ﾠexpected	 ﾠthat	 ﾠfuture	 ﾠinterest-ﾭ‐adjusted	 ﾠprices	 ﾠwill	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be	 ﾠlower	 ﾠthan	 ﾠcurrent	 ﾠprices.	 ﾠEnabling	 ﾠborrowing	 ﾠwill	 ﾠhave	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠreducing	 ﾠ
present	 ﾠallowance	 ﾠprices.	 ﾠIn	 ﾠall	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems,	 ﾠborrowing	 ﾠis	 ﾠlimited	 ﾠto	 ﾠavoid	 ﾠ
the	 ﾠaccumulation	 ﾠof	 ﾠdebts	 ﾠthat	 ﾠmay	 ﾠundermine	 ﾠthe	 ﾠintegrity	 ﾠof	 ﾠthe	 ﾠsystem	 ﾠwhen	 ﾠ
they	 ﾠare	 ﾠnot	 ﾠhonored	 ﾠe.g.	 ﾠdue	 ﾠto	 ﾠbankruptcy.	 ﾠIn	 ﾠgeneral,	 ﾠtemporal	 ﾠflexibility	 ﾠis	 ﾠ
desirable	 ﾠto	 ﾠsmooth	 ﾠallowance	 ﾠprices	 ﾠover	 ﾠtime	 ﾠwhich	 ﾠimproves	 ﾠdynamic	 ﾠefficiency.	 ﾠ	 ﾠ
If	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠenable	 ﾠthe	 ﾠuse	 ﾠof	 ﾠcredits	 ﾠe.g.	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠCDM,	 ﾠ
this	 ﾠregional	 ﾠflexibility	 ﾠadds	 ﾠa	 ﾠset	 ﾠof	 ﾠnew	 ﾠabatement	 ﾠoptions	 ﾠto	 ﾠthe	 ﾠsystem,	 ﾠthereby	 ﾠ
shifting	 ﾠthe	 ﾠMAC	 ﾠcurve	 ﾠdownwards	 ﾠand	 ﾠdampening	 ﾠETS	 ﾠallowance	 ﾠprices	 ﾠ(see	 ﾠ
Figure	 ﾠ12).	 ﾠFor	 ﾠthe	 ﾠenvironmental	 ﾠintegrity	 ﾠof	 ﾠa	 ﾠtrading	 ﾠsystem	 ﾠit	 ﾠis	 ﾠimperative	 ﾠthat	 ﾠ
credits	 ﾠmeet	 ﾠthe	 ﾠadditionality	 ﾠcriterion.	 ﾠAdditionality	 ﾠmeans	 ﾠthat	 ﾠthe	 ﾠproject	 ﾠor	 ﾠ
policy	 ﾠwhich	 ﾠgenerated	 ﾠa	 ﾠcredit	 ﾠactually	 ﾠreduced	 ﾠemissions	 ﾠbelow	 ﾠthe	 ﾠlevels	 ﾠthat	 ﾠ
would	 ﾠhave	 ﾠoccurred	 ﾠin	 ﾠabsence	 ﾠof	 ﾠthe	 ﾠproject.	 ﾠWithout	 ﾠadditionality,	 ﾠthe	 ﾠuse	 ﾠof	 ﾠ
credits	 ﾠwill	 ﾠcompromise	 ﾠenvironmental	 ﾠintegrity	 ﾠof	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems:	 ﾠcredits	 ﾠ
not	 ﾠrepresenting	 ﾠemission	 ﾠreduction	 ﾠcrowd-ﾭ‐out	 ﾠabatement	 ﾠin	 ﾠthe	 ﾠcovered	 ﾠsectors	 ﾠ
Concerns	 ﾠover	 ﾠadditionality	 ﾠin	 ﾠthe	 ﾠCDM	 ﾠare	 ﾠreported	 ﾠe.g.	 ﾠby	 ﾠSchneider	 ﾠ(2007).	 ﾠTo	 ﾠ
respond	 ﾠto	 ﾠthese	 ﾠconcerns,	 ﾠsectoral	 ﾠcrediting	 ﾠand	 ﾠtrading	 ﾠapproaches	 ﾠhave	 ﾠbeen	 ﾠ
proposed	 ﾠto	 ﾠfoster	 ﾠreliable	 ﾠadditional	 ﾠmitigation	 ﾠwhile	 ﾠmaintaining	 ﾠthe	 ﾠregional	 ﾠ
flexibility	 ﾠand	 ﾠefficiency	 ﾠoffered	 ﾠby	 ﾠthe	 ﾠconcept	 ﾠof	 ﾠcredits	 ﾠ(e.g.	 ﾠEC	 ﾠ2009d).	 ﾠ
	 ﾠ
6.2.  Economic	 ﾠimpacts	 ﾠin	 ﾠthe	 ﾠEuropean	 ﾠcase	 ﾠ
This	 ﾠChapter	 ﾠprovides	 ﾠa	 ﾠbrief	 ﾠeconomic	 ﾠanalysis	 ﾠof	 ﾠEU	 ﾠroad	 ﾠtransport	 ﾠ
inclusion	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠbased	 ﾠon	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠfrom	 ﾠseveral	 ﾠ
institutions.	 ﾠGeneral	 ﾠimplications	 ﾠare	 ﾠequally	 ﾠvalid	 ﾠfor	 ﾠother	 ﾠworld	 ﾠregions,	 ﾠbut	 ﾠ
quantitative	 ﾠestimates	 ﾠmay	 ﾠdiffer.	 ﾠ	 ﾠ
Concepts,	 ﾠdata	 ﾠand	 ﾠpolicy	 ﾠscenarios	 ﾠ
	 ﾠ Marginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠ(MACCs)	 ﾠare	 ﾠa	 ﾠstandard	 ﾠtool	 ﾠfor	 ﾠanalyzing	 ﾠ
price	 ﾠand	 ﾠquantity	 ﾠeffects	 ﾠin	 ﾠcarbon	 ﾠmarkets	 ﾠ(Ellerman	 ﾠand	 ﾠDecaux	 ﾠ1998;	 ﾠCriqui	 ﾠet	 ﾠ
al.	 ﾠ1999;	 ﾠStankeviciute	 ﾠet	 ﾠal.	 ﾠ2008;	 ﾠAnger	 ﾠ2008).	 ﾠThe	 ﾠglobal	 ﾠMcKinsey	 ﾠ(2009)	 ﾠcost	 ﾠ
curve	 ﾠis	 ﾠa	 ﾠpopular	 ﾠexample	 ﾠfor	 ﾠsuch	 ﾠa	 ﾠcurve.	 ﾠThe	 ﾠbasic	 ﾠidea	 ﾠof	 ﾠa	 ﾠMACC	 ﾠis	 ﾠto	 ﾠrank	 ﾠ
abatement	 ﾠoptions	 ﾠaccording	 ﾠto	 ﾠtheir	 ﾠcost	 ﾠper	 ﾠton	 ﾠof	 ﾠGHG	 ﾠavoided	 ﾠ(vertical	 ﾠaxis),	 ﾠ
and	 ﾠindicate	 ﾠthe	 ﾠquantities	 ﾠof	 ﾠabatement	 ﾠassociated	 ﾠwith	 ﾠeach	 ﾠoption	 ﾠ(horizontal	 ﾠ
axis).	 ﾠ	 ﾠ
Marginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠcan	 ﾠbe	 ﾠderived	 ﾠin	 ﾠseveral	 ﾠways,	 ﾠreflected	 ﾠin	 ﾠ
the	 ﾠvarying	 ﾠassessments	 ﾠof	 ﾠdifferent	 ﾠinstitutions	 ﾠ(Clapp	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠImportant	 ﾠ
choices	 ﾠwhen	 ﾠconstructing	 ﾠMACCs	 ﾠconcern	 ﾠthe	 ﾠmodel	 ﾠstructure	 ﾠ(e.g.	 ﾠtop-ﾭ‐down	 ﾠvs.	 ﾠ
bottom-ﾭ‐up	 ﾠmodel	 ﾠframework;	 ﾠscope	 ﾠof	 ﾠconsidered	 ﾠtechnologies	 ﾠand	 ﾠbehavioral	 ﾠ
reactions;	 ﾠassumptions	 ﾠover	 ﾠdiscounting;),	 ﾠbaseline	 ﾠassumptions	 ﾠ(e.g.	 ﾠenergy	 ﾠprices;	 ﾠ
economic	 ﾠgrowth;	 ﾠtechnological	 ﾠinnovation)	 ﾠand	 ﾠpolicy	 ﾠscenarios	 ﾠ(policies	 ﾠin	 ﾠthe	 ﾠ
baseline).	 ﾠ	 ﾠ
Figure	 ﾠ11	 ﾠdisplays	 ﾠseveral	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠfor	 ﾠthe	 ﾠEuropean	 ﾠ
road	 ﾠtransport	 ﾠsector	 ﾠin	 ﾠthe	 ﾠyear	 ﾠ2020,	 ﾠand	 ﾠone	 ﾠaggregate	 ﾠMACC	 ﾠassessment	 ﾠof	 ﾠthe	 ﾠ  57	 ﾠ
EU	 ﾠETS	 ﾠsectors	 ﾠfor	 ﾠ2020.9	 ﾠA	 ﾠsignificant	 ﾠnumber	 ﾠof	 ﾠvehicle-ﾭ‐based	 ﾠabatement	 ﾠoptions	 ﾠ
are	 ﾠalready	 ﾠimplemented	 ﾠdue	 ﾠto	 ﾠcurrent	 ﾠfuel	 ﾠefficiency	 ﾠstandards.	 ﾠOf	 ﾠthe	 ﾠaggregate	 ﾠ
road	 ﾠtransport	 ﾠMACCs	 ﾠonly	 ﾠCE	 ﾠDelft	 ﾠexplicitly	 ﾠincludes	 ﾠdemand	 ﾠside	 ﾠresponses.10	 ﾠ
Including	 ﾠdemand	 ﾠside	 ﾠreactions	 ﾠwould	 ﾠunambiguously	 ﾠlower	 ﾠthe	 ﾠother	 ﾠcost	 ﾠcurves	 ﾠ
(see	 ﾠFigure	 ﾠ9).	 ﾠAlso,	 ﾠtaking	 ﾠthe	 ﾠstandards	 ﾠcomprised	 ﾠin	 ﾠthe	 ﾠ2009	 ﾠEU	 ﾠclimate	 ﾠpackage	 ﾠ
(Chapter	 ﾠ3.1)	 ﾠinto	 ﾠaccount	 ﾠwould	 ﾠalso	 ﾠunambiguously	 ﾠlower	 ﾠthese	 ﾠcost	 ﾠcurves,	 ﾠnone	 ﾠ
of	 ﾠwhich	 ﾠconsider	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠpolicy	 ﾠpackage.	 ﾠHigher	 ﾠenergy	 ﾠprices	 ﾠand	 ﾠlower	 ﾠ
economic	 ﾠgrowth	 ﾠwould	 ﾠhave	 ﾠthe	 ﾠsame	 ﾠeffect:	 ﾠwith	 ﾠhigher	 ﾠenergy	 ﾠprices,	 ﾠfuel	 ﾠ
savings	 ﾠfrom	 ﾠabatement	 ﾠentail	 ﾠhigher	 ﾠbenefits,	 ﾠthereby	 ﾠreducing	 ﾠthe	 ﾠcost	 ﾠof	 ﾠ
achieving	 ﾠa	 ﾠspecific	 ﾠamount	 ﾠof	 ﾠemission	 ﾠreductions.	 ﾠAnd	 ﾠwith	 ﾠlower	 ﾠeconomic	 ﾠ
growth,	 ﾠa	 ﾠgiven	 ﾠabatement	 ﾠtarget	 ﾠcan	 ﾠbe	 ﾠachieved	 ﾠat	 ﾠlower	 ﾠcost	 ﾠbecause	 ﾠless	 ﾠ
emissions	 ﾠneed	 ﾠto	 ﾠbe	 ﾠreduced.	 ﾠSluggish	 ﾠeconomic	 ﾠgrowth	 ﾠwill	 ﾠreduce	 ﾠemissions	 ﾠ
already	 ﾠin	 ﾠthe	 ﾠbaseline.	 ﾠ	 ﾠ
Figure 11: Comparison of year 2020 EU road transport sector marginal abatement cost 
curves from CE Delft (Blom et al. 2007), Enerdata-POLES, McKinsey and AIM/Enduse (as 
published in Clapp et al. 2009).  
	 ﾠ
The	 ﾠEU	 ﾠETS	 ﾠcurve	 ﾠdepicted	 ﾠin	 ﾠFigure	 ﾠ11	 ﾠis	 ﾠadopted	 ﾠfrom	 ﾠBlom	 ﾠet	 ﾠal.	 ﾠ(2007)	 ﾠ
and	 ﾠbased	 ﾠon	 ﾠthe	 ﾠEcofys	 ﾠGENESIS	 ﾠand	 ﾠthe	 ﾠIcarus	 ﾠdatabase.	 ﾠBlom	 ﾠet	 ﾠal.	 ﾠstate	 ﾠthat	 ﾠtheir	 ﾠ
estimate	 ﾠis	 ﾠrather	 ﾠconservative,	 ﾠi.e.	 ﾠit	 ﾠtends	 ﾠto	 ﾠunderestimate	 ﾠabatement	 ﾠpotentials	 ﾠ
and	 ﾠto	 ﾠoverestimate	 ﾠemission	 ﾠreduction	 ﾠcosts.	 ﾠThey	 ﾠreport	 ﾠthat	 ﾠthis	 ﾠis	 ﾠthe	 ﾠcase	 ﾠ
because	 ﾠ(i)	 ﾠthe	 ﾠIcarus	 ﾠdatabase	 ﾠis	 ﾠconservative	 ﾠin	 ﾠterms	 ﾠof	 ﾠemission	 ﾠreduction	 ﾠcosts,	 ﾠ
(ii)	 ﾠit	 ﾠdoes	 ﾠnot	 ﾠtake	 ﾠend-ﾭ‐use	 ﾠreductions	 ﾠ(e.g.	 ﾠfrom	 ﾠincreased	 ﾠelectricity	 ﾠprices)	 ﾠinto	 ﾠ
account,	 ﾠ(iii)	 ﾠits	 ﾠtechnological	 ﾠlearning	 ﾠassumptions	 ﾠare	 ﾠrather	 ﾠconservative,	 ﾠand	 ﾠ(iv)	 ﾠ
it	 ﾠdoes	 ﾠnot	 ﾠconsider	 ﾠdemand	 ﾠside	 ﾠsubstitution	 ﾠeffects.	 ﾠ	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
9	 ﾠWe	 ﾠthank	 ﾠBettina	 ﾠKampman	 ﾠfrom	 ﾠCE	 ﾠDelft	 ﾠfor	 ﾠproviding	 ﾠthe	 ﾠMACC	 ﾠdata	 ﾠset	 ﾠof	 ﾠtheir	 ﾠstudy	 ﾠ(Blom	 ﾠet	 ﾠ
al.	 ﾠ2007),	 ﾠand	 ﾠEnerdata-ﾭ‐POLES	 ﾠfor	 ﾠproviding	 ﾠthe	 ﾠyear	 ﾠ2020	 ﾠEU	 ﾠroad	 ﾠtransport	 ﾠMACC	 ﾠfrom	 ﾠPOLES.	 ﾠ
10	 ﾠWe	 ﾠcould	 ﾠnot	 ﾠclarify	 ﾠthis	 ﾠpoint	 ﾠfor	 ﾠPOLES/Enerdata.	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In	 ﾠthe	 ﾠMACC	 ﾠframework	 ﾠthe	 ﾠpossibility	 ﾠto	 ﾠuse	 ﾠcredits	 ﾠin	 ﾠa	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠ
system	 ﾠcan	 ﾠbe	 ﾠrepresented	 ﾠby	 ﾠadding	 ﾠthe	 ﾠvolumes	 ﾠand	 ﾠprices	 ﾠof	 ﾠcredits	 ﾠto	 ﾠthe	 ﾠ
schedule	 ﾠof	 ﾠavailable	 ﾠabatement	 ﾠoptions	 ﾠ(Figure	 ﾠ12).	 ﾠ	 ﾠ
	 ﾠ
Figure 12: Including limited credit supply into a sector MACC. The supply of credits gives 
access to additional abatement options, with the price of abatement from credits being set 
by the credit world market. This formulation assumes that sector demand for credits does 
not impact the credit world market price, i.e. the ‘credit lever’ in the curve is flat.  
	 ﾠ
The	 ﾠEU	 ﾠhas	 ﾠspecified	 ﾠa	 ﾠcomplicated	 ﾠset	 ﾠof	 ﾠrules	 ﾠdetermining	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠ
credits	 ﾠfor	 ﾠthe	 ﾠ2013-ﾭ‐2020	 ﾠtrading	 ﾠperiod	 ﾠin	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠ(see	 ﾠEuropean	 ﾠUnion	 ﾠ
2009b).	 ﾠOur	 ﾠestimate	 ﾠfor	 ﾠcredit	 ﾠuse	 ﾠis	 ﾠthe	 ﾠmean	 ﾠof	 ﾠthe	 ﾠaverage	 ﾠannual	 ﾠestimates	 ﾠ
summarized	 ﾠin	 ﾠCapoor	 ﾠand	 ﾠAmbrosi	 ﾠ(2009,	 ﾠp.8),	 ﾠwhich	 ﾠamounts	 ﾠto	 ﾠ150Mt	 ﾠper	 ﾠyear.	 ﾠ
We	 ﾠassume	 ﾠa	 ﾠCDM	 ﾠworld	 ﾠmarket	 ﾠprice	 ﾠof	 ﾠ30$/t.	 ﾠAs	 ﾠa	 ﾠnew	 ﾠsector,	 ﾠroad	 ﾠtransport	 ﾠ
would	 ﾠincrease	 ﾠthe	 ﾠamount	 ﾠof	 ﾠcredits	 ﾠavailable	 ﾠin	 ﾠthe	 ﾠEU	 ﾠETS.	 ﾠThe	 ﾠreformed	 ﾠEU	 ﾠETS	 ﾠ
Directive	 ﾠ(EC	 ﾠ2009b,	 ﾠArticle	 ﾠ11a)	 ﾠsuggests	 ﾠthat	 ﾠroad	 ﾠtransport	 ﾠwould	 ﾠincrease	 ﾠthe	 ﾠ
amount	 ﾠof	 ﾠavailable	 ﾠcredits	 ﾠin	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠby	 ﾠ4.5%	 ﾠof	 ﾠyear	 ﾠ2020	 ﾠroad	 ﾠemissions.	 ﾠIn	 ﾠ
the	 ﾠpolicy	 ﾠscenario	 ﾠwhere	 ﾠEU	 ﾠemission	 ﾠreductions	 ﾠare	 ﾠenhanced	 ﾠfrom	 ﾠ20%	 ﾠto	 ﾠ30%	 ﾠ
relative	 ﾠto	 ﾠ2005,	 ﾠwe	 ﾠassume	 ﾠthat	 ﾠ50%	 ﾠof	 ﾠthe	 ﾠadditional	 ﾠabatement	 ﾠeffort	 ﾠcan	 ﾠbe	 ﾠ
covered	 ﾠby	 ﾠcredits.	 ﾠ
Figure	 ﾠ13	 ﾠillustrates	 ﾠthe	 ﾠprice	 ﾠand	 ﾠquantity	 ﾠimpacts	 ﾠof	 ﾠintegrating	 ﾠadditional	 ﾠ
sectors	 ﾠto	 ﾠan	 ﾠexisting	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystem.	 ﾠThe	 ﾠhorizontal	 ﾠaxis	 ﾠdepicts	 ﾠthe	 ﾠsum	 ﾠof	 ﾠ
required	 ﾠabatement	 ﾠfrom	 ﾠboth	 ﾠsectors.	 ﾠIn	 ﾠour	 ﾠexample,	 ﾠthe	 ﾠsection	 ﾠleft	 ﾠof	 ﾠQset	 ﾠ
represents	 ﾠthe	 ﾠabatement	 ﾠtarget	 ﾠfor	 ﾠthe	 ﾠETS	 ﾠalready	 ﾠin	 ﾠplace,	 ﾠwhile	 ﾠthe	 ﾠsection	 ﾠto	 ﾠ
the	 ﾠright	 ﾠof	 ﾠQset	 ﾠdenotes	 ﾠthe	 ﾠabatement	 ﾠtarget	 ﾠfor	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠto	 ﾠbe	 ﾠ
included.	 ﾠThe	 ﾠvertical	 ﾠaxis	 ﾠindicates	 ﾠthe	 ﾠcosts	 ﾠof	 ﾠabatement	 ﾠin	 ﾠ$	 ﾠper	 ﾠton	 ﾠGHG.	 ﾠThe	 ﾠ
marginal	 ﾠabatement	 ﾠcost	 ﾠschedule	 ﾠfor	 ﾠthe	 ﾠETS	 ﾠsectors	 ﾠoriginates	 ﾠat	 ﾠthe	 ﾠleft	 ﾠhand	 ﾠ
vertical	 ﾠaxis	 ﾠand	 ﾠruns	 ﾠto	 ﾠthe	 ﾠupper	 ﾠright.	 ﾠThe	 ﾠtransportation	 ﾠMACC	 ﾠoriginates	 ﾠat	 ﾠthe	 ﾠ
right	 ﾠhand	 ﾠvertical	 ﾠaxis	 ﾠand	 ﾠruns	 ﾠtowards	 ﾠthe	 ﾠupper	 ﾠleft.	 ﾠThe	 ﾠETS	 ﾠpre-ﾭ‐link	 ﾠallowance	 ﾠ
price	 ﾠPETS	 ﾠis	 ﾠdetermined	 ﾠby	 ﾠthe	 ﾠintersection	 ﾠof	 ﾠETS	 ﾠMACC	 ﾠand	 ﾠpolicy	 ﾠtarget	 ﾠ(Qset),	 ﾠ
while	 ﾠthe	 ﾠTransport	 ﾠsector	 ﾠshadow-ﾭ‐MAC	 ﾠis	 ﾠsymmetrically	 ﾠgiven	 ﾠby	 ﾠPtrans.	 ﾠ	 ﾠThe	 ﾠ
optimal	 ﾠsector	 ﾠallocation	 ﾠof	 ﾠabatement	 ﾠand	 ﾠthe	 ﾠcorresponding	 ﾠoptimal	 ﾠallowance	 ﾠ
price	 ﾠlevel	 ﾠare	 ﾠindicated	 ﾠby	 ﾠQ*	 ﾠand	 ﾠP*	 ﾠin	 ﾠthe	 ﾠright	 ﾠhand	 ﾠpanel	 ﾠof	 ﾠFigure	 ﾠ13.	 ﾠIn	 ﾠthis	 ﾠ  59	 ﾠ
example,	 ﾠit	 ﾠis	 ﾠprofitable	 ﾠnot	 ﾠto	 ﾠimplement	 ﾠthe	 ﾠmost	 ﾠexpensive	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠ
the	 ﾠtransport	 ﾠsector	 ﾠbut	 ﾠrather	 ﾠpurchase	 ﾠallowances	 ﾠpreviously	 ﾠused	 ﾠin	 ﾠthe	 ﾠETS	 ﾠ
sector	 ﾠup	 ﾠto	 ﾠthe	 ﾠequilibrium	 ﾠprice	 ﾠP*.	 ﾠIn	 ﾠthe	 ﾠETS	 ﾠsectors,	 ﾠit	 ﾠis	 ﾠprofitable	 ﾠto	 ﾠconduct	 ﾠ
additional	 ﾠabatement	 ﾠand	 ﾠsell	 ﾠ(free	 ﾠallocation)	 ﾠor	 ﾠrefrain	 ﾠfrom	 ﾠpurchases	 ﾠ
(auctioning)	 ﾠthe	 ﾠmore	 ﾠexpensive	 ﾠallowances	 ﾠto	 ﾠthe	 ﾠtransport	 ﾠsector.	 ﾠThe	 ﾠaggregate	 ﾠ
welfare	 ﾠgain	 ﾠis	 ﾠindicated	 ﾠby	 ﾠthe	 ﾠshaded	 ﾠarea.	 ﾠNote	 ﾠthat	 ﾠthe	 ﾠsituation	 ﾠdepicted	 ﾠin	 ﾠ
Figure	 ﾠ13	 ﾠindicates	 ﾠinefficient	 ﾠpre-ﾭ‐integration	 ﾠdesign	 ﾠof	 ﾠclimate	 ﾠpolicy:	 ﾠthe	 ﾠmarginal	 ﾠ
abatement	 ﾠcosts	 ﾠdiffered	 ﾠbetween	 ﾠsectors.	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ
Figure 13: Pre- and post-link carbon market equilibria and efficiency gain of trade. The left 
figure displays the pre-link allocation of abatement across sectors, implying higher 
marginal abatement costs for transport. The right figure indicates the direction of price 
changes when integrating the transport sector, with the shaded area denoting the efficiency 
gain from trade. 
	 ﾠ
	 ﾠ With	 ﾠthese	 ﾠtools	 ﾠand	 ﾠempirical	 ﾠestimates	 ﾠof	 ﾠEU	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠfor	 ﾠ
road	 ﾠtransport	 ﾠand	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠat	 ﾠhand	 ﾠwe	 ﾠcan	 ﾠderive	 ﾠallowance	 ﾠprices	 ﾠand	 ﾠquantity	 ﾠ
impacts	 ﾠof	 ﾠEU	 ﾠroad	 ﾠtransport	 ﾠfuel	 ﾠinclusion	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS.	 ﾠOur	 ﾠassumptions	 ﾠon	 ﾠ
abatement	 ﾠtargets	 ﾠin	 ﾠthe	 ﾠdefault	 ﾠpolicy	 ﾠscenario	 ﾠare	 ﾠbased	 ﾠon	 ﾠthe	 ﾠEU-ﾭ‐wide	 ﾠGHG	 ﾠ
reduction	 ﾠtarget	 ﾠof	 ﾠ20%	 ﾠbelow	 ﾠ1990	 ﾠlevels	 ﾠby	 ﾠ2020,	 ﾠas	 ﾠspecified	 ﾠin	 ﾠthe	 ﾠclimate	 ﾠ
policy	 ﾠpackage	 ﾠadopted	 ﾠin	 ﾠ2009	 ﾠ(EC	 ﾠ2009a,	 ﾠb).	 ﾠThe	 ﾠEuropean	 ﾠCommission	 ﾠ(EC	 ﾠ
2008a)	 ﾠreports	 ﾠthat	 ﾠEU	 ﾠpolicymakers	 ﾠadopted	 ﾠan	 ﾠimplicit	 ﾠsector	 ﾠemission	 ﾠreduction	 ﾠ
burden-ﾭ‐sharing	 ﾠwhere	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠsectors	 ﾠneed	 ﾠto	 ﾠreduce	 ﾠtheir	 ﾠyear	 ﾠ2020	 ﾠemissions	 ﾠ
by	 ﾠ21%	 ﾠbelow	 ﾠ2005	 ﾠlevels.	 ﾠThe	 ﾠtransport	 ﾠsector	 ﾠis	 ﾠsupposed	 ﾠto	 ﾠreduce	 ﾠemissions	 ﾠ
7%	 ﾠbelow	 ﾠits	 ﾠ2005	 ﾠlevel	 ﾠby	 ﾠ2020.	 ﾠThe	 ﾠCommission	 ﾠclaims	 ﾠthat	 ﾠthese	 ﾠare	 ﾠthe	 ﾠefficient	 ﾠ
burden-ﾭ‐sharing	 ﾠlevels	 ﾠas	 ﾠdetermined	 ﾠin	 ﾠmodeling	 ﾠexercises,	 ﾠi.e.	 ﾠmarginal	 ﾠabatement	 ﾠ
costs	 ﾠin	 ﾠthese	 ﾠcalculations	 ﾠare	 ﾠsupposed	 ﾠto	 ﾠbe	 ﾠharmonized	 ﾠacross	 ﾠsectors.11	 ﾠTable	 ﾠ3	 ﾠ
summarizes	 ﾠhistoric	 ﾠemissions,	 ﾠfuture	 ﾠprojections,	 ﾠsector	 ﾠcaps	 ﾠand	 ﾠabatement	 ﾠ
targets	 ﾠfor	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠand	 ﾠthe	 ﾠconsidered	 ﾠroad	 ﾠtransport	 ﾠMACCs.	 ﾠThe	 ﾠtable	 ﾠdisplays	 ﾠ
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11	 ﾠIn	 ﾠthe	 ﾠEU	 ﾠCommission	 ﾠstaff	 ﾠanalysis	 ﾠ(EC	 ﾠ2008a),	 ﾠthe	 ﾠyear	 ﾠ2020	 ﾠcarbon	 ﾠprice	 ﾠlevel	 ﾠwithout	 ﾠCDM	 ﾠuse	 ﾠ
is	 ﾠ48$/t.	 ﾠCDM	 ﾠuse	 ﾠis	 ﾠreported	 ﾠto	 ﾠlower	 ﾠthe	 ﾠcarbon	 ﾠprice	 ﾠlevel	 ﾠto	 ﾠ37$/t.	 ﾠ	 ﾠ  60	 ﾠ
varying	 ﾠassumptions	 ﾠin	 ﾠBAU	 ﾠscenarios	 ﾠand	 ﾠprojected	 ﾠabatement,	 ﾠillustrating	 ﾠoverall	 ﾠ
uncertainty	 ﾠin	 ﾠfuture	 ﾠemission	 ﾠtrajectories.	 ﾠAll	 ﾠresults	 ﾠare	 ﾠbased	 ﾠon	 ﾠthese	 ﾠkey	 ﾠdata.	 ﾠ	 ﾠ
Road	 ﾠTransport	 ﾠ
Unit:	 ﾠMt	 ﾠCO2e	 ﾠ
EU	 ﾠETS	 ﾠ
(Delft)	 ﾠ Delft	 ﾠ Enerdata-ﾭ
POLES	 ﾠ McKinsey	 ﾠ AIM/	 ﾠ
Enduse	 ﾠ
2005	 ﾠemissions	 ﾠ 2014	 ﾠ 895	 ﾠ 895	 ﾠ 895	 ﾠ 895	 ﾠ
2020	 ﾠBAU	 ﾠemissions	 ﾠ 2363	 ﾠ 1116	 ﾠ 893	 ﾠ 1000	 ﾠ 1100	 ﾠ
2020	 ﾠcap	 ﾠin	 ﾠ20%	 ﾠ
scenario	 ﾠ
1591	 ﾠ 832	 ﾠ 832	 ﾠ 832	 ﾠ 832	 ﾠ
2020	 ﾠabatement	 ﾠbelow	 ﾠ
BAU,	 ﾠabsolute	 ﾠ	 ﾠ
771	 ﾠ 284	 ﾠ 61	 ﾠ 168	 ﾠ 268	 ﾠ
2020	 ﾠabatement	 ﾠbelow	 ﾠ
BAU	 ﾠ	 ﾠ
33%	 ﾠ 25%	 ﾠ 7%	 ﾠ 17%	 ﾠ 24%	 ﾠ
 
Table 2: Year 2005 reference emissions, baseline emission projections, policy targets under 
the 20% EU-wide reduction target, and corresponding abatement target for the EU ETS 
and transport MACCs under consideration (in MtCO2e) (Sources: Year 2005 emissions 
EEA 2010; for MACCs see Figure 11). 
	 ﾠ
	 ﾠ In	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠ20%	 ﾠdefault	 ﾠpolicy	 ﾠa	 ﾠscenario	 ﾠwith	 ﾠ30%	 ﾠreduction	 ﾠbelow	 ﾠ
year	 ﾠ2005	 ﾠemission	 ﾠis	 ﾠinvestigated	 ﾠ(EC	 ﾠ2010).	 ﾠFor	 ﾠthis	 ﾠenhanced	 ﾠEU	 ﾠeffort	 ﾠwe	 ﾠ
assume	 ﾠthat	 ﾠEU	 ﾠETS	 ﾠand	 ﾠroad	 ﾠtransport	 ﾠuniformly	 ﾠincrease	 ﾠtheir	 ﾠabatement	 ﾠeffort	 ﾠ
by	 ﾠ50%.	 ﾠThus,	 ﾠmodified	 ﾠETS	 ﾠand	 ﾠroad	 ﾠtransport	 ﾠreduction	 ﾠtargets	 ﾠare	 ﾠ32.5%	 ﾠand	 ﾠ
10.5%	 ﾠbelow	 ﾠyear	 ﾠ2005	 ﾠemission,	 ﾠrespectively.	 ﾠIn	 ﾠa	 ﾠthird	 ﾠpolicy	 ﾠscenario,	 ﾠwe	 ﾠ
investigate	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠ20%	 ﾠdefault	 ﾠpolicy	 ﾠscenario	 ﾠwhile	 ﾠexcluding	 ﾠthe	 ﾠlink	 ﾠto	 ﾠ
crediting	 ﾠschemes.	 ﾠThis	 ﾠillustrates	 ﾠthe	 ﾠrelevance	 ﾠof	 ﾠregional	 ﾠflexibility	 ﾠin	 ﾠachieving	 ﾠ
emission	 ﾠreductions	 ﾠwithin	 ﾠthe	 ﾠEU.	 ﾠ	 ﾠ
Results	 ﾠ	 ﾠ
Figure	 ﾠ14	 ﾠdisplays	 ﾠthe	 ﾠresults	 ﾠof	 ﾠthis	 ﾠexercise	 ﾠfor	 ﾠthe	 ﾠMACC	 ﾠestimates	 ﾠ
provided	 ﾠby	 ﾠCE	 ﾠDelft	 ﾠand	 ﾠEnerdata-ﾭ‐POLES	 ﾠin	 ﾠthe	 ﾠpolicy	 ﾠdefault	 ﾠcase	 ﾠ(see	 ﾠAppendix	 ﾠ
C.1	 ﾠfor	 ﾠall	 ﾠpolicy	 ﾠcases	 ﾠand	 ﾠmodels).	 ﾠFigure	 ﾠ15	 ﾠsummarizes	 ﾠthe	 ﾠprice	 ﾠimpacts	 ﾠon	 ﾠthe	 ﾠ
EU	 ﾠETS	 ﾠand	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector,	 ﾠand	 ﾠFigure	 ﾠ16	 ﾠshows	 ﾠshifts	 ﾠin	 ﾠabatement	 ﾠ
quantities	 ﾠin	 ﾠthe	 ﾠthree	 ﾠpolicy	 ﾠscenarios	 ﾠfor	 ﾠall	 ﾠmodels.	 ﾠ	 ﾠ
	 ﾠ
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Figure 14 : Economic impacts of integrating the EU Road transport Sector to the EU ETS 
by 2020. The MAC curves include CDM access. The left hand figure shows impacts given 
the Delft transport MACC, the right hand figure for the Enerdata-POLES model. Pre-link 
prices and quantities are determined by the intersection of the MACCs with the vertical 
yellow line ‘Target’. Post-link equilibrium results where the two MAC curves intersect. 
Both for the Delft (left) and Enerdata-POLES (right) transport MACC, transport 
integration incurs no price change in the EU ETS, because ample abatement opportunities 
exist at the respective price level.  
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Figure 15: Price effects of EU road transport integration into EU ETS in 2020 for three 
policy scenarios. The figure shows pre- and post-link marginal abatement costs in the EU 
ETS and transport sector, with arrows indicating the direction of price adjustment. Bars 
exceeding 300$/t indicate that the abatement target cannot be achieved for the given 
abatement target and MACC due to insufficient abatement potentials in the model given the 
policy target.   
	 ﾠ
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Figure 16: Change in sector abatement quantities when including EU road transport into 
EU ETS in 2020 for three policy scenarios. Positive values mark increased abatement 
activity in a sector, negative values indicate reduced abatement activity. Where positive and 
negative values for EU ETS and transport sectors do not cancel out – indicating a welfare-
improving shift of abatement across sectors – the quantity objective is not achieved prior to 
transport integration.    
	 ﾠ
As	 ﾠthe	 ﾠmost	 ﾠstriking	 ﾠresult,	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠallowance	 ﾠprice	 ﾠremains	 ﾠunchanged	 ﾠin	 ﾠ
the	 ﾠdefault	 ﾠpolicy	 ﾠscenario	 ﾠ(20%	 ﾠreduction	 ﾠand	 ﾠCDM	 ﾠuse).	 ﾠBoth	 ﾠfor	 ﾠthe	 ﾠDelft	 ﾠand	 ﾠ
Enerdata-ﾭ‐POLES	 ﾠtransport	 ﾠabatement	 ﾠcost	 ﾠcurve	 ﾠ(Figure	 ﾠ14),	 ﾠtransport	 ﾠintegration	 ﾠ
keeps	 ﾠprices	 ﾠconstant	 ﾠin	 ﾠthe	 ﾠEU	 ﾠETS,	 ﾠbecause	 ﾠample	 ﾠabatement	 ﾠopportunities	 ﾠexist	 ﾠ
at	 ﾠthe	 ﾠrespective	 ﾠprice	 ﾠlevel.	 ﾠThis	 ﾠis	 ﾠin	 ﾠcontradiction	 ﾠto	 ﾠprevious	 ﾠMACC-ﾭ‐based	 ﾠ
assessments,	 ﾠwhich	 ﾠconcluded	 ﾠthat	 ﾠtransport	 ﾠintegration	 ﾠwould	 ﾠlead	 ﾠto	 ﾠrising	 ﾠEUA	 ﾠ
prices	 ﾠ(Holmgren	 ﾠet	 ﾠal.	 ﾠ2006,	 ﾠBlom	 ﾠet	 ﾠal.	 ﾠ2007;	 ﾠCOWI	 ﾠ2007;	 ﾠHartwig	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ
Consequently,	 ﾠthe	 ﾠintegration	 ﾠof	 ﾠroad	 ﾠtransportation	 ﾠwould	 ﾠactually	 ﾠreduce	 ﾠthe	 ﾠ
amount	 ﾠof	 ﾠabatement	 ﾠrequired	 ﾠfrom	 ﾠEU	 ﾠETS	 ﾠsectors	 ﾠfor	 ﾠall	 ﾠbut	 ﾠthe	 ﾠMcKinsey	 ﾠcurve	 ﾠ
(Figure	 ﾠ16).	 ﾠData	 ﾠfrom	 ﾠmost	 ﾠstudies	 ﾠindicate,	 ﾠthat	 ﾠthe	 ﾠcost	 ﾠefficient	 ﾠcontribution	 ﾠof	 ﾠ
road	 ﾠtransport	 ﾠwould	 ﾠbe	 ﾠlarger	 ﾠthan	 ﾠa	 ﾠ7%	 ﾠreduction	 ﾠrelative	 ﾠto	 ﾠ2005.	 ﾠ	 ﾠ
This	 ﾠresult	 ﾠcan	 ﾠbe	 ﾠexplained	 ﾠby	 ﾠthe	 ﾠcombination	 ﾠof	 ﾠ(i)	 ﾠavailable	 ﾠabatement	 ﾠ
potentials	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠas	 ﾠrepresented	 ﾠin	 ﾠthe	 ﾠMACCs,	 ﾠ(ii)	 ﾠthe	 ﾠpossibility	 ﾠto	 ﾠmeet	 ﾠ
part	 ﾠof	 ﾠthe	 ﾠabatement	 ﾠtarget	 ﾠwith	 ﾠCDM	 ﾠcredits,	 ﾠand	 ﾠ(iii)	 ﾠthe	 ﾠ7	 ﾠ%	 ﾠreduction	 ﾠtarget	 ﾠ
below	 ﾠ2005	 ﾠlevels	 ﾠdoes	 ﾠnot	 ﾠrepresent	 ﾠa	 ﾠvery	 ﾠlarge	 ﾠabatement	 ﾠchallenge	 ﾠfor	 ﾠroad	 ﾠ
transportation	 ﾠin	 ﾠview	 ﾠof	 ﾠthe	 ﾠavailable	 ﾠabatement	 ﾠoptions.	 ﾠThe	 ﾠwidespread	 ﾠ
assumption	 ﾠthat	 ﾠroad	 ﾠtransport	 ﾠintegration	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠwould	 ﾠnecessarily	 ﾠlead	 ﾠto	 ﾠ
an	 ﾠincrease	 ﾠof	 ﾠEUA	 ﾠprices	 ﾠresults	 ﾠfrom	 ﾠassuming	 ﾠvery	 ﾠlittle	 ﾠor	 ﾠnon-ﾭ‐existing	 ﾠ
abatement	 ﾠpotentials	 ﾠin	 ﾠroad	 ﾠtransport,	 ﾠambitious	 ﾠreduction	 ﾠtargets	 ﾠfor	 ﾠthis	 ﾠsector,	 ﾠ
or	 ﾠboth.	 ﾠ	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 ﾠ
The	 ﾠEUA	 ﾠprice	 ﾠof	 ﾠ80$/t	 ﾠCO2	 ﾠfor	 ﾠthe	 ﾠyear	 ﾠ2020	 ﾠis	 ﾠquite	 ﾠhigh	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠ
37$/t	 ﾠCO2	 ﾠreported	 ﾠby	 ﾠEC	 ﾠ(2008)	 ﾠmodeling,	 ﾠor	 ﾠprivate	 ﾠsector	 ﾠestimates	 ﾠof	 ﾠ37-ﾭ‐50$/t	 ﾠ
as	 ﾠreported	 ﾠby	 ﾠthe	 ﾠCapoor	 ﾠand	 ﾠAmbrosi	 ﾠ(2009,	 ﾠp.8).	 ﾠThis	 ﾠreflects	 ﾠthe	 ﾠrather	 ﾠ
conservative	 ﾠEU	 ﾠETS	 ﾠcost	 ﾠcurve	 ﾠestimate	 ﾠby	 ﾠCE	 ﾠDelft	 ﾠ(see	 ﾠabove).	 ﾠ
In	 ﾠthe	 ﾠ30%	 ﾠreduction	 ﾠscenario,	 ﾠthe	 ﾠpicture	 ﾠremains	 ﾠlargely	 ﾠthe	 ﾠsame	 ﾠexcept	 ﾠ
for	 ﾠthe	 ﾠMcKinsey	 ﾠcost	 ﾠcurve.	 ﾠIn	 ﾠthis	 ﾠmodel	 ﾠthe	 ﾠpolicy	 ﾠconstraint	 ﾠbecomes	 ﾠso	 ﾠtight	 ﾠ
that	 ﾠthe	 ﾠEUA	 ﾠprice	 ﾠneeds	 ﾠto	 ﾠrise	 ﾠto	 ﾠtrigger	 ﾠmore	 ﾠexpensive	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠthe	 ﾠ
EU	 ﾠETS.	 ﾠThe	 ﾠgraphs	 ﾠdepicted	 ﾠin	 ﾠAnnex	 ﾠC1	 ﾠalso	 ﾠindicate	 ﾠthat	 ﾠfor	 ﾠthe	 ﾠ30%	 ﾠobjective	 ﾠ
the	 ﾠintersection	 ﾠof	 ﾠEU	 ﾠETS	 ﾠand	 ﾠtransport	 ﾠMACCs	 ﾠmoves	 ﾠvery	 ﾠclose	 ﾠto	 ﾠthe	 ﾠpoint	 ﾠ
where	 ﾠboth	 ﾠcurves	 ﾠbecome	 ﾠvery	 ﾠsteep,	 ﾠi.e.	 ﾠabatement	 ﾠin	 ﾠ2020	 ﾠcan	 ﾠbecome	 ﾠquite	 ﾠ
expensive	 ﾠin	 ﾠterms	 ﾠof	 ﾠmarginal	 ﾠabatement	 ﾠcosts	 ﾠfor	 ﾠthe	 ﾠMACCs	 ﾠconsidered	 ﾠhere.	 ﾠ
However,	 ﾠthe	 ﾠcurves	 ﾠare	 ﾠbased	 ﾠon	 ﾠprerecession	 ﾠdata.	 ﾠAs	 ﾠEU	 ﾠemission	 ﾠplummeted	 ﾠ
with	 ﾠthe	 ﾠonset	 ﾠof	 ﾠthe	 ﾠfinancial	 ﾠcrisis,	 ﾠit	 ﾠcan	 ﾠbe	 ﾠexpected	 ﾠthat	 ﾠthe	 ﾠ30%	 ﾠtarget	 ﾠcan	 ﾠbe	 ﾠ
obtained	 ﾠwithout	 ﾠhigh	 ﾠabatement	 ﾠcosts	 ﾠless	 ﾠreductions	 ﾠbelow	 ﾠbusiness-ﾭ‐as-ﾭ‐usual	 ﾠwill	 ﾠ
be	 ﾠrequired.	 ﾠ
The	 ﾠthird	 ﾠpolicy	 ﾠscenario	 ﾠ(20%	 ﾠreduction	 ﾠtarget	 ﾠwithout	 ﾠaccess	 ﾠto	 ﾠCDM)	 ﾠ
leads	 ﾠto	 ﾠconsiderably	 ﾠdifferent	 ﾠoutcomes	 ﾠfor	 ﾠall	 ﾠbut	 ﾠthe	 ﾠCE	 ﾠDelft	 ﾠtransport	 ﾠcurve.	 ﾠ
Even	 ﾠfor	 ﾠthe	 ﾠCE	 ﾠDelft	 ﾠcase,	 ﾠhowever,	 ﾠthe	 ﾠpre-ﾭ‐link	 ﾠEUA	 ﾠprice	 ﾠlevel	 ﾠis	 ﾠhigher	 ﾠthan	 ﾠin	 ﾠthe	 ﾠ
default	 ﾠscenario	 ﾠbecause	 ﾠmore	 ﾠexpensive	 ﾠdomestic	 ﾠabatement	 ﾠoptions	 ﾠare	 ﾠtriggered	 ﾠ
in	 ﾠabsence	 ﾠof	 ﾠcredit	 ﾠaccess.	 ﾠThe	 ﾠpre-ﾭ‐integration	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠin	 ﾠroad	 ﾠ
transport	 ﾠalso	 ﾠrise	 ﾠsubstantially	 ﾠfor	 ﾠall	 ﾠbut	 ﾠthe	 ﾠCE	 ﾠDelft	 ﾠcurve	 ﾠas	 ﾠthe	 ﾠtarget	 ﾠis	 ﾠnot	 ﾠ
attainable.	 ﾠWhen	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠis	 ﾠincluded	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠallowance	 ﾠprices	 ﾠ
rise	 ﾠto	 ﾠinduce	 ﾠadditional	 ﾠand	 ﾠmore	 ﾠexpensive	 ﾠdomestic	 ﾠabatement	 ﾠin	 ﾠEU	 ﾠETS	 ﾠsectors.	 ﾠ
This	 ﾠcase	 ﾠillustrates	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠregional	 ﾠflexibility	 ﾠfor	 ﾠcontaining	 ﾠEUA	 ﾠprices.	 ﾠ	 ﾠ
We	 ﾠconclude:	 ﾠFirst,	 ﾠthe	 ﾠunchanged	 ﾠEUA	 ﾠprice	 ﾠin	 ﾠcase	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠ
inclusion	 ﾠin	 ﾠthe	 ﾠ20%	 ﾠdefault	 ﾠpolicy	 ﾠscenario	 ﾠfor	 ﾠall	 ﾠcost	 ﾠcurves	 ﾠdemonstrates	 ﾠthat	 ﾠ
concerns	 ﾠover	 ﾠcarbon	 ﾠleakage	 ﾠfrom	 ﾠtransport	 ﾠinclusion	 ﾠappear	 ﾠless	 ﾠwell-ﾭ‐founded	 ﾠ
than	 ﾠis	 ﾠoften	 ﾠsuggested	 ﾠin	 ﾠthe	 ﾠliterature.	 ﾠ	 ﾠ
Second,	 ﾠthe	 ﾠrelatively	 ﾠmoderate	 ﾠsector	 ﾠdifferences	 ﾠin	 ﾠpre-ﾭ‐link	 ﾠmarginal	 ﾠ
abatement	 ﾠcosts	 ﾠand	 ﾠthe	 ﾠcorrespondingly	 ﾠmodest	 ﾠchanges	 ﾠin	 ﾠsectoral	 ﾠabatement	 ﾠ
quantities	 ﾠin	 ﾠcase	 ﾠof	 ﾠtransport	 ﾠintegration	 ﾠfor	 ﾠour	 ﾠdefault	 ﾠpolicy	 ﾠscenario	 ﾠindicate	 ﾠ
that	 ﾠEU	 ﾠpolicymakers	 ﾠperform	 ﾠrather	 ﾠwell	 ﾠin	 ﾠterms	 ﾠof	 ﾠsector	 ﾠburden-ﾭ‐sharing.	 ﾠ	 ﾠ
Third,	 ﾠthe	 ﾠMcKinsey	 ﾠand	 ﾠAIM/Enduse	 ﾠcurves	 ﾠignore	 ﾠdemand	 ﾠside	 ﾠresponses	 ﾠ
and	 ﾠonly	 ﾠrepresent	 ﾠtechnical	 ﾠabatement	 ﾠoptions.	 ﾠTaking	 ﾠbehavioral	 ﾠresponses	 ﾠinto	 ﾠ
account	 ﾠwould	 ﾠlower	 ﾠthe	 ﾠtransport	 ﾠMAC	 ﾠcurves.	 ﾠTherefore	 ﾠEUA	 ﾠprice	 ﾠincreases	 ﾠfor	 ﾠ
these	 ﾠcurves	 ﾠwould	 ﾠbe	 ﾠlower	 ﾠthan	 ﾠindicated	 ﾠhere	 ﾠ(Clapp	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠp.50;	 ﾠsee	 ﾠalso	 ﾠ
Figure	 ﾠ9).	 ﾠ	 ﾠ
Fourth,	 ﾠour	 ﾠanalysis	 ﾠin	 ﾠthis	 ﾠsection	 ﾠdoes	 ﾠnot	 ﾠinclude	 ﾠnon-ﾭ‐price	 ﾠpolicies	 ﾠas	 ﾠ
embodied	 ﾠby	 ﾠthe	 ﾠEU	 ﾠclimate	 ﾠpolicy	 ﾠpackage	 ﾠof	 ﾠ2009	 ﾠ(EC	 ﾠ2009a,	 ﾠb).	 ﾠA	 ﾠdetailed	 ﾠ
analysis	 ﾠis	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠstudy.	 ﾠIt	 ﾠis	 ﾠconceptually	 ﾠclear,	 ﾠhowever,	 ﾠthat	 ﾠ
inclusion	 ﾠof	 ﾠnon-ﾭ‐price	 ﾠpolicies	 ﾠwould	 ﾠlower	 ﾠroad	 ﾠtransport	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠ  64	 ﾠ
curves	 ﾠ(more	 ﾠabatement	 ﾠwould	 ﾠoccur	 ﾠat	 ﾠany	 ﾠgiven	 ﾠcarbon	 ﾠprice),	 ﾠthereby	 ﾠreducing	 ﾠ
the	 ﾠprice	 ﾠimpact	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠEU	 ﾠETS	 ﾠintegration	 ﾠon	 ﾠEUAs.	 ﾠSketch	 ﾠestimates	 ﾠfor	 ﾠ
abatement	 ﾠvolumes	 ﾠfrom	 ﾠnon-ﾭ‐market	 ﾠpolicies	 ﾠare	 ﾠgiven	 ﾠin	 ﾠthe	 ﾠnext	 ﾠsubchapter	 ﾠfor	 ﾠ
the	 ﾠEU,	 ﾠbut	 ﾠalso	 ﾠthe	 ﾠUS	 ﾠand	 ﾠCalifornia.	 ﾠ	 ﾠ	 ﾠ
Finally,	 ﾠany	 ﾠresults	 ﾠbased	 ﾠon	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurves	 ﾠneed	 ﾠto	 ﾠbe	 ﾠ
treated	 ﾠwith	 ﾠgreat	 ﾠcare	 ﾠdue	 ﾠto	 ﾠthe	 ﾠsensitivities	 ﾠconcerning	 ﾠuncertain	 ﾠand	 ﾠcrucial	 ﾠ
parameters	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠspeed	 ﾠof	 ﾠtechnological	 ﾠinnovations	 ﾠor	 ﾠthe	 ﾠlarge	 ﾠuncertainties	 ﾠ
about	 ﾠbehavioral	 ﾠresponses.	 ﾠWe	 ﾠused	 ﾠcost	 ﾠcurves	 ﾠfrom	 ﾠfour	 ﾠdifferent	 ﾠinstitutions	 ﾠin	 ﾠ
an	 ﾠattempt	 ﾠto	 ﾠreflect	 ﾠpart	 ﾠof	 ﾠthis	 ﾠuncertainty.	 ﾠClearly,	 ﾠa	 ﾠmore	 ﾠsystematic	 ﾠand	 ﾠ
comparative	 ﾠanalysis	 ﾠof	 ﾠseveral	 ﾠmodels	 ﾠexploring	 ﾠkey	 ﾠsensitivities	 ﾠwith	 ﾠregard	 ﾠto	 ﾠ
baseline	 ﾠassumptions,	 ﾠmodel	 ﾠstructure	 ﾠand	 ﾠcomplementary	 ﾠpolicies	 ﾠwould	 ﾠ
significantly	 ﾠimprove	 ﾠthe	 ﾠrobustness	 ﾠof	 ﾠour	 ﾠknowledge	 ﾠof	 ﾠeconomic	 ﾠimpacts	 ﾠof	 ﾠroad	 ﾠ
transport	 ﾠfuel	 ﾠinclusion	 ﾠto	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems.	 ﾠ	 ﾠ
6.3.  Contribution	 ﾠof	 ﾠcurrent	 ﾠtransport	 ﾠpolicies	 ﾠ
The	 ﾠmodeling	 ﾠexercise	 ﾠin	 ﾠthe	 ﾠprevious	 ﾠSection	 ﾠgives	 ﾠan	 ﾠinsight	 ﾠto	 ﾠchanges	 ﾠin	 ﾠ
abatement	 ﾠquantities	 ﾠand	 ﾠprices	 ﾠwhen	 ﾠincluding	 ﾠroad	 ﾠtransportation	 ﾠinto	 ﾠthe	 ﾠ
European	 ﾠemission	 ﾠtrading	 ﾠscheme.	 ﾠAnother	 ﾠimportant	 ﾠquestion	 ﾠis	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠ
existing	 ﾠtransport	 ﾠpolicies	 ﾠwhich	 ﾠwere	 ﾠnot	 ﾠconsidered	 ﾠin	 ﾠthese	 ﾠanalyses.	 ﾠ
Conceptually	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠnon-ﾭ‐market	 ﾠinstruments,	 ﾠi.e.	 ﾠcurrent	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠresulting	 ﾠin	 ﾠthe	 ﾠimplementation	 ﾠof	 ﾠa	 ﾠnumber	 ﾠof	 ﾠtechnology	 ﾠ
options,	 ﾠwill	 ﾠshift	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠmarginal	 ﾠabatement	 ﾠcost	 ﾠcurve	 ﾠdownwards,	 ﾠas	 ﾠ
illustrated	 ﾠin	 ﾠFigure	 ﾠ17.	 ﾠStandards	 ﾠinduce	 ﾠsome	 ﾠamount	 ﾠof	 ﾠ'exogenous'	 ﾠabatement	 ﾠas	 ﾠ
represented	 ﾠby	 ﾠthe	 ﾠline	 ﾠ‘abatement	 ﾠstandard’.	 ﾠIf	 ﾠstandards	 ﾠinduce	 ﾠabatement	 ﾠ
options	 ﾠthat	 ﾠare	 ﾠmore	 ﾠcostly	 ﾠthan	 ﾠthe	 ﾠallowance	 ﾠprice	 ﾠin	 ﾠtheir	 ﾠabsence,	 ﾠtaking	 ﾠthem	 ﾠ
into	 ﾠaccount	 ﾠwill	 ﾠlower	 ﾠthe	 ﾠequilibrium	 ﾠallowance	 ﾠprice	 ﾠfrom	 ﾠP*	 ﾠto	 ﾠPs.	 ﾠHence,	 ﾠtaking	 ﾠ
standards	 ﾠinto	 ﾠaccount	 ﾠin	 ﾠthe	 ﾠanalyses	 ﾠof	 ﾠthe	 ﾠprevious	 ﾠSection	 ﾠwould	 ﾠfurther	 ﾠlower	 ﾠ
allowance	 ﾠprices.	 ﾠ	 ﾠ
	 ﾠ
Figure 17: Impact of non-market policies on the marginal abatement cost curve and the 
cap-and-trade allowance price. 
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The	 ﾠremainder	 ﾠof	 ﾠthis	 ﾠchapter	 ﾠessentially	 ﾠcalculates	 ﾠthe	 ﾠdistance	 ﾠ‘abatement	 ﾠ
standard’	 ﾠfor	 ﾠthe	 ﾠEuropean	 ﾠUnion,	 ﾠUnited	 ﾠStates	 ﾠand	 ﾠCalifornia,	 ﾠi.e.	 ﾠexpected	 ﾠ
emission	 ﾠreductions	 ﾠfrom	 ﾠmajor	 ﾠnon-ﾭ‐market	 ﾠpolicies	 ﾠin	 ﾠthese	 ﾠregions	 ﾠare	 ﾠcomputed.	 ﾠ	 ﾠ	 ﾠ
European	 ﾠUnion	 ﾠ
The	 ﾠcurrent	 ﾠEU	 ﾠregulation	 ﾠof	 ﾠemission	 ﾠintensity	 ﾠof	 ﾠnew	 ﾠvehicles	 ﾠdates	 ﾠfrom	 ﾠ
April	 ﾠ2009	 ﾠ(EC	 ﾠ2009c)	 ﾠand,	 ﾠhence,	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠincluded	 ﾠin	 ﾠprevious	 ﾠmodels	 ﾠof	 ﾠ
transport	 ﾠinclusion	 ﾠinto	 ﾠemission	 ﾠtrading.	 ﾠThe	 ﾠregulation	 ﾠmandates	 ﾠthe	 ﾠaverage	 ﾠ
carbon	 ﾠemissions	 ﾠfrom	 ﾠnewly	 ﾠsold	 ﾠvehicles	 ﾠto	 ﾠdecrease	 ﾠfrom	 ﾠ167gCO2/km	 ﾠin	 ﾠ2005	 ﾠ
to	 ﾠ130gCO2/km	 ﾠin	 ﾠ2015,	 ﾠand	 ﾠto	 ﾠ95gCO2/km	 ﾠin	 ﾠ2020	 ﾠ(see	 ﾠalso	 ﾠchapter	 ﾠ3).	 ﾠThis	 ﾠ
corresponds	 ﾠto	 ﾠ40%	 ﾠreduction	 ﾠin	 ﾠemissions	 ﾠintensity	 ﾠof	 ﾠnew	 ﾠvehicles	 ﾠsold	 ﾠby	 ﾠ2020.	 ﾠ	 ﾠ
How	 ﾠlarge	 ﾠis	 ﾠthe	 ﾠemission	 ﾠreduction	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠin	 ﾠthe	 ﾠEU	 ﾠin	 ﾠ2020	 ﾠ
given	 ﾠby	 ﾠthis	 ﾠand	 ﾠother	 ﾠpolicies	 ﾠ(see	 ﾠChapter	 ﾠ4)?	 ﾠNew	 ﾠvehicles,	 ﾠof	 ﾠcourse,	 ﾠdo	 ﾠnot	 ﾠ
substitute	 ﾠthe	 ﾠcurrent	 ﾠcar	 ﾠfleet.	 ﾠA	 ﾠgood	 ﾠworking	 ﾠassumption	 ﾠis	 ﾠa	 ﾠ10%	 ﾠturnover	 ﾠrate	 ﾠ
every	 ﾠyear.	 ﾠThe	 ﾠquestion	 ﾠcan	 ﾠbe	 ﾠbroken	 ﾠdown	 ﾠin	 ﾠdifferent	 ﾠparts.	 ﾠWhat	 ﾠwere	 ﾠthe	 ﾠ
average	 ﾠemissions	 ﾠper	 ﾠvehicle	 ﾠin	 ﾠ2005?	 ﾠData	 ﾠis	 ﾠavailable	 ﾠfor	 ﾠthe	 ﾠyear	 ﾠ2000,	 ﾠwith	 ﾠ
average	 ﾠemissions	 ﾠper	 ﾠvehicle	 ﾠin	 ﾠ2000	 ﾠbeing	 ﾠ186	 ﾠgCO2/km	 ﾠ(EC	 ﾠ2000).	 ﾠEmission	 ﾠ
intensity	 ﾠof	 ﾠnewly	 ﾠsold	 ﾠvehicles	 ﾠbetween	 ﾠ2000	 ﾠand	 ﾠ2005	 ﾠwere	 ﾠrelatively	 ﾠconstant	 ﾠat	 ﾠ
around	 ﾠ167	 ﾠgCO2/km	 ﾠ(An	 ﾠand	 ﾠSauer	 ﾠ2007).	 ﾠAssuming	 ﾠa	 ﾠ10%	 ﾠannual	 ﾠturnover	 ﾠrate,	 ﾠ
the	 ﾠaverage	 ﾠ2005	 ﾠfleet	 ﾠaverage	 ﾠwas	 ﾠ178	 ﾠgCO2/km.	 ﾠ	 ﾠ
Average	 ﾠemission	 ﾠintensities	 ﾠfor	 ﾠ2020	 ﾠare	 ﾠmore	 ﾠdifficult	 ﾠto	 ﾠestimate.	 ﾠNewly	 ﾠ
sold	 ﾠcars	 ﾠafter	 ﾠ2015	 ﾠwill	 ﾠhave	 ﾠless	 ﾠthan	 ﾠ130	 ﾠgCO2/km	 ﾠon	 ﾠaverage,	 ﾠas	 ﾠthe	 ﾠaverage	 ﾠ
heads	 ﾠtowards	 ﾠthe	 ﾠ95gCO2/km	 ﾠvalue	 ﾠof	 ﾠ2020.	 ﾠThese	 ﾠvintages	 ﾠmay	 ﾠconstitute	 ﾠaround	 ﾠ
40%	 ﾠof	 ﾠthe	 ﾠoverall	 ﾠfleet.	 ﾠLinear	 ﾠinterpolation	 ﾠof	 ﾠfuel	 ﾠeconomy	 ﾠ	 ﾠvalues	 ﾠbetween	 ﾠ2015	 ﾠ
and	 ﾠ2020	 ﾠthen	 ﾠyields	 ﾠan	 ﾠaverage	 ﾠfleet	 ﾠintensity	 ﾠof	 ﾠ125	 ﾠgCO2/km	 ﾠin	 ﾠ2020.	 ﾠ
Additional	 ﾠmeasures,	 ﾠsuch	 ﾠas	 ﾠimproved	 ﾠair	 ﾠconditioning	 ﾠand	 ﾠtires,	 ﾠbut	 ﾠalso	 ﾠ
biofuels	 ﾠare	 ﾠexpected	 ﾠto	 ﾠdeliver	 ﾠanother	 ﾠintensity	 ﾠreduction	 ﾠof	 ﾠ10	 ﾠgCO2/km	 ﾠuntil	 ﾠ
2015.	 ﾠTo	 ﾠbe	 ﾠon	 ﾠthe	 ﾠconservative	 ﾠside,	 ﾠwe	 ﾠomit	 ﾠthe	 ﾠcar-ﾭ‐related	 ﾠmeasures.	 ﾠWe	 ﾠdo	 ﾠ
include	 ﾠthe	 ﾠmore	 ﾠspecific	 ﾠFuel	 ﾠQuality	 ﾠDirective	 ﾠCOM-ﾭ‐2007-ﾭ‐18	 ﾠwhich	 ﾠrequires	 ﾠ6%	 ﾠ
reduction	 ﾠin	 ﾠCO2e	 ﾠof	 ﾠtransportation	 ﾠfuels	 ﾠfrom	 ﾠ2010	 ﾠto	 ﾠ2020	 ﾠ(EC	 ﾠ2009c).	 ﾠAt	 ﾠthe	 ﾠ
same	 ﾠtime,	 ﾠtotal	 ﾠroad	 ﾠtransport	 ﾠdemand	 ﾠis	 ﾠprojected	 ﾠto	 ﾠrise	 ﾠfrom	 ﾠ4700	 ﾠGpkm	 ﾠin	 ﾠ
2005	 ﾠto	 ﾠ5800	 ﾠGpkm,	 ﾠan	 ﾠincrease	 ﾠof	 ﾠ24%	 ﾠ(EC	 ﾠ2008b).	 ﾠWe	 ﾠomit	 ﾠany	 ﾠrebound	 ﾠeffects.	 ﾠ
Taking	 ﾠtogether,	 ﾠcarbon	 ﾠemissions	 ﾠfrom	 ﾠroad	 ﾠtransport	 ﾠ(not	 ﾠincluding	 ﾠother	 ﾠ
transport,	 ﾠsuch	 ﾠas	 ﾠair	 ﾠtraffic)	 ﾠwill	 ﾠbe	 ﾠreduced	 ﾠby	 ﾠaround	 ﾠ11%	 ﾠin	 ﾠ2020.	 ﾠThis	 ﾠwould	 ﾠ
even	 ﾠexceed	 ﾠour	 ﾠassumed	 ﾠroad	 ﾠtransport	 ﾠreduction	 ﾠtarget	 ﾠof	 ﾠ10.5%	 ﾠin	 ﾠpresence	 ﾠof	 ﾠa	 ﾠ
30%	 ﾠeconomy-ﾭ‐wide	 ﾠEU	 ﾠabatement	 ﾠtarget	 ﾠ(see	 ﾠabove).	 ﾠThis	 ﾠresult	 ﾠmay	 ﾠbe	 ﾠoverly	 ﾠ
optimistic	 ﾠfor	 ﾠfour	 ﾠreasons:	 ﾠ
1.	 ﾠ The	 ﾠextrapolation	 ﾠis	 ﾠlinear	 ﾠin	 ﾠannual	 ﾠimprovement	 ﾠof	 ﾠfuel	 ﾠeconomy.	 ﾠ
However,	 ﾠcar	 ﾠmanufacturers	 ﾠmay	 ﾠchoose,	 ﾠaccording	 ﾠto	 ﾠcurrent	 ﾠ
regulation,	 ﾠto	 ﾠback-ﾭ‐off	 ﾠinvestments	 ﾠtill	 ﾠthe	 ﾠ2015	 ﾠor	 ﾠ2020	 ﾠdeadlines	 ﾠ
respectively.	 ﾠ	 ﾠ  66	 ﾠ
2.	 ﾠ Car	 ﾠrenewal	 ﾠrate	 ﾠis	 ﾠestimated	 ﾠto	 ﾠbe	 ﾠaround	 ﾠ10%.	 ﾠIn	 ﾠrecession	 ﾠtimes,	 ﾠ
the	 ﾠcar	 ﾠrenewal	 ﾠrate	 ﾠcould	 ﾠbe	 ﾠlower.	 ﾠHowever,	 ﾠtotal	 ﾠtransport	 ﾠvolumes	 ﾠ
would	 ﾠalso	 ﾠdrop.	 ﾠ	 ﾠ
3.	 ﾠ Rebound	 ﾠeffects	 ﾠare	 ﾠomitted	 ﾠhere.	 ﾠThey	 ﾠcan	 ﾠbe	 ﾠregarded	 ﾠto	 ﾠbe	 ﾠpart	 ﾠof	 ﾠ
the	 ﾠoverall	 ﾠuncertainty	 ﾠin	 ﾠgrowth	 ﾠof	 ﾠtravel	 ﾠdemand.	 ﾠ
4.	 ﾠ The	 ﾠenvironmental	 ﾠeffectiveness	 ﾠof	 ﾠthe	 ﾠFuel	 ﾠQuality	 ﾠDirective	 ﾠCOM-ﾭ‐
2007-ﾭ‐18	 ﾠis	 ﾠnot	 ﾠguaranteed	 ﾠdue	 ﾠto	 ﾠthe	 ﾠcurrent	 ﾠaccounting	 ﾠprocedures	 ﾠ
that	 ﾠdoes	 ﾠnot	 ﾠforesee	 ﾠdetailed	 ﾠlife	 ﾠcycle	 ﾠanalysis	 ﾠincluding	 ﾠindirect	 ﾠ
land	 ﾠuse	 ﾠemissions.	 ﾠ
	 ﾠ
However,	 ﾠeven	 ﾠif	 ﾠthese	 ﾠcaveats	 ﾠreduce	 ﾠoverall	 ﾠGHG	 ﾠreduction,	 ﾠcurrent	 ﾠEU	 ﾠ
regulation	 ﾠseem	 ﾠto	 ﾠguarantee	 ﾠthat	 ﾠat	 ﾠleast	 ﾠthe	 ﾠ7%	 ﾠreduction	 ﾠtarget	 ﾠ(below	 ﾠ2005	 ﾠ
levels	 ﾠby	 ﾠ2020)	 ﾠis	 ﾠachieved	 ﾠeven	 ﾠwithout	 ﾠcarbon	 ﾠpricing.	 ﾠThis	 ﾠrough	 ﾠcalculation	 ﾠalso	 ﾠ
confirms	 ﾠthe	 ﾠresult	 ﾠfrom	 ﾠchapter	 ﾠ6.2	 ﾠthat	 ﾠincluding	 ﾠroad	 ﾠtransport	 ﾠinto	 ﾠEU	 ﾠETS	 ﾠ–	 ﾠ
given	 ﾠcurrent	 ﾠquantity	 ﾠtargets	 ﾠ–	 ﾠwill	 ﾠactually	 ﾠreduce	 ﾠthe	 ﾠburden	 ﾠon	 ﾠcurrent	 ﾠETS	 ﾠ
sectors.	 ﾠ	 ﾠ
United	 ﾠStates	 ﾠ
The	 ﾠUnited	 ﾠStates	 ﾠhas	 ﾠsimilarly	 ﾠambitious	 ﾠtargets	 ﾠfor	 ﾠfuel	 ﾠeconomy	 ﾠin	 ﾠrelative	 ﾠ
terms,	 ﾠi.e.	 ﾠtaken	 ﾠthe	 ﾠcurrently	 ﾠmore	 ﾠinefficient	 ﾠvehicle	 ﾠfleet	 ﾠinto	 ﾠaccount.	 ﾠIncluding	 ﾠ
extra	 ﾠmeasures	 ﾠsuch	 ﾠas	 ﾠimproved	 ﾠair	 ﾠconditioning,	 ﾠtire	 ﾠpressure	 ﾠand	 ﾠbiofuels,	 ﾠthe	 ﾠ
revised	 ﾠGHG	 ﾠstandard	 ﾠforesees	 ﾠthe	 ﾠaverage	 ﾠfuel	 ﾠefficiency	 ﾠof	 ﾠnewly	 ﾠsold	 ﾠvehicles	 ﾠto	 ﾠ
increase	 ﾠfrom	 ﾠ355	 ﾠgCO2/km	 ﾠin	 ﾠ2005	 ﾠto	 ﾠ250	 ﾠgCO2/mile	 ﾠin	 ﾠ2016.	 ﾠFor	 ﾠthe	 ﾠcalculation	 ﾠit	 ﾠ
is	 ﾠassumed	 ﾠthat	 ﾠmandated	 ﾠfuel	 ﾠeconomy	 ﾠremains	 ﾠconstant	 ﾠfrom	 ﾠ2016	 ﾠto	 ﾠ2020.	 ﾠWith	 ﾠ
a	 ﾠfleet	 ﾠrenewal	 ﾠrate	 ﾠof	 ﾠ10%,	 ﾠand	 ﾠaverage	 ﾠfuel	 ﾠeconomy	 ﾠof	 ﾠ394	 ﾠgCO2/mile	 ﾠin	 ﾠ2005,	 ﾠthe	 ﾠ
average	 ﾠfuel	 ﾠeconomy	 ﾠof	 ﾠthe	 ﾠpassenger	 ﾠcar	 ﾠand	 ﾠlight	 ﾠtruck	 ﾠcar	 ﾠstock	 ﾠin	 ﾠ2020	 ﾠin	 ﾠthe	 ﾠ
US	 ﾠis	 ﾠthen	 ﾠprojected	 ﾠto	 ﾠbe	 ﾠ299	 ﾠgCO2/mile,	 ﾠcorresponding	 ﾠto	 ﾠa	 ﾠtotal	 ﾠimprovement	 ﾠof	 ﾠ
24%	 ﾠrelative	 ﾠto	 ﾠ2005.	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠtime,	 ﾠUS	 ﾠvehicle	 ﾠmiles	 ﾠtravelled	 ﾠare	 ﾠexpected	 ﾠto	 ﾠ
increase	 ﾠby	 ﾠ27%	 ﾠ(EIA	 ﾠ2008).	 ﾠGiven	 ﾠthis	 ﾠprojected	 ﾠdevelopment	 ﾠand	 ﾠpolicies,	 ﾠand	 ﾠ
omitting	 ﾠrebound	 ﾠeffects,	 ﾠoverall	 ﾠGHG	 ﾠemission	 ﾠreduction	 ﾠby	 ﾠ2020	 ﾠin	 ﾠroad	 ﾠtransport	 ﾠ
is	 ﾠ3%	 ﾠrelative	 ﾠto	 ﾠ2005.	 ﾠ	 ﾠ
California	 ﾠ
According	 ﾠto	 ﾠAB	 ﾠ32,	 ﾠCalifornia	 ﾠintends	 ﾠto	 ﾠreduce	 ﾠ2020	 ﾠGHG	 ﾠemissions	 ﾠto	 ﾠ
1990	 ﾠlevels.	 ﾠFrom	 ﾠ1990	 ﾠuntil	 ﾠ2005	 ﾠCalifornia	 ﾠGHG	 ﾠemissions	 ﾠincreased	 ﾠby	 ﾠ12.5%	 ﾠ
(CARB	 ﾠ2010b).	 ﾠ	 ﾠRoad	 ﾠtransport	 ﾠemissions	 ﾠincreased	 ﾠby	 ﾠ24%.	 ﾠEmissions	 ﾠfrom	 ﾠthe	 ﾠ
transport	 ﾠsector	 ﾠdeclined	 ﾠby	 ﾠ4.4%	 ﾠin	 ﾠ2008.	 ﾠHowever,	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠremained	 ﾠ
the	 ﾠlargest	 ﾠend-ﾭ‐use	 ﾠsector	 ﾠin	 ﾠ2008,	 ﾠcontributing	 ﾠ36.5%	 ﾠof	 ﾠall	 ﾠGHG	 ﾠemissions	 ﾠ(CARB	 ﾠ
2010b).	 ﾠFrom	 ﾠ2008	 ﾠlevels,	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠ11%	 ﾠreduction	 ﾠis	 ﾠneeded	 ﾠto	 ﾠreach	 ﾠthe	 ﾠ
2020	 ﾠtarget.	 ﾠThe	 ﾠtransport	 ﾠsector	 ﾠwould	 ﾠneed	 ﾠa	 ﾠ14.5%	 ﾠreduction	 ﾠfrom	 ﾠ2008	 ﾠto	 ﾠreach	 ﾠ
its	 ﾠ1990	 ﾠlevel	 ﾠin	 ﾠ2020.	 ﾠPavley	 ﾠI	 ﾠ(or	 ﾠmore	 ﾠor	 ﾠless	 ﾠequivalently,	 ﾠupdated	 ﾠfederal	 ﾠCAFE	 ﾠ
standard),	 ﾠcontribute	 ﾠaround	 ﾠ23.5%	 ﾠto	 ﾠemission	 ﾠreductions	 ﾠin	 ﾠ2020.	 ﾠThe	 ﾠLCFS	 ﾠ
reduces	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠfuels	 ﾠby	 ﾠ10%.	 ﾠMeanwhile	 ﾠthe	 ﾠtotal	 ﾠtravel	 ﾠdemand	 ﾠ
(including	 ﾠpopulation	 ﾠgrowth)	 ﾠis	 ﾠexpected	 ﾠto	 ﾠincrease	 ﾠbetween	 ﾠ1.54-ﾭ‐1.86%	 ﾠper	 ﾠyear	 ﾠ
(CEC	 ﾠ2007).	 ﾠOmitting	 ﾠrebound	 ﾠeffects,	 ﾠthis	 ﾠyields	 ﾠtransport	 ﾠsector	 ﾠemission	 ﾠ
reductions	 ﾠof	 ﾠ14-ﾭ‐17%	 ﾠin	 ﾠ2020.	 ﾠHowever,	 ﾠthe	 ﾠcontribution	 ﾠfrom	 ﾠthe	 ﾠLCFS	 ﾠis	 ﾠrelatively	 ﾠ  67	 ﾠ
uncertain,	 ﾠas	 ﾠit	 ﾠrelies	 ﾠon	 ﾠthe	 ﾠdeployment	 ﾠof	 ﾠcompetitive	 ﾠlow	 ﾠcarbon	 ﾠfuels	 ﾠ(see	 ﾠalso	 ﾠ
chapter	 ﾠ4).	 ﾠPossible	 ﾠrebound	 ﾠeffects	 ﾠcould	 ﾠincrease	 ﾠtravel	 ﾠdemand.	 ﾠ
	 ﾠ Furthermore,	 ﾠSB	 ﾠ375,	 ﾠa	 ﾠlegislative	 ﾠmeasure	 ﾠaddressing	 ﾠland	 ﾠuse	 ﾠpolicies,	 ﾠis	 ﾠ
intended	 ﾠto	 ﾠreduce	 ﾠtransport	 ﾠdemand	 ﾠbelow	 ﾠthe	 ﾠbaseline.	 ﾠProbably	 ﾠmost	 ﾠland	 ﾠuse	 ﾠ
measures	 ﾠwill	 ﾠimpact	 ﾠGHG	 ﾠemissions	 ﾠonly	 ﾠafter	 ﾠ2020.	 ﾠStill,	 ﾠthe	 ﾠCalifornian	 ﾠscoping	 ﾠ
plans	 ﾠexpect	 ﾠ5	 ﾠMMT	 ﾠCO2e	 ﾠreduction	 ﾠin	 ﾠregional	 ﾠtravel,	 ﾠi.e.	 ﾠ3%	 ﾠreduction	 ﾠbelow	 ﾠ2005	 ﾠ
levels.	 ﾠAltogether,	 ﾠ	 ﾠand	 ﾠalso	 ﾠdue	 ﾠto	 ﾠthe	 ﾠrecession	 ﾠand	 ﾠhigh	 ﾠoil	 ﾠprices,	 ﾠcurrent	 ﾠ
Californian	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠpolicies	 ﾠwould	 ﾠwill	 ﾠreduce	 ﾠsector	 ﾠGHG	 ﾠemission	 ﾠ
back	 ﾠto	 ﾠaround	 ﾠ1990	 ﾠlevels.	 ﾠ	 ﾠ	 ﾠ
Impact	 ﾠof	 ﾠthe	 ﾠrecession	 ﾠ
In	 ﾠboth	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠand	 ﾠEurope	 ﾠthe	 ﾠfinancial	 ﾠcrisis	 ﾠand	 ﾠ2009	 ﾠrecession	 ﾠ
had	 ﾠa	 ﾠsignificant	 ﾠimpact	 ﾠon	 ﾠtotal	 ﾠtransport	 ﾠdemand	 ﾠmeasured	 ﾠin	 ﾠvehicle	 ﾠkm	 ﾠ
travelled,	 ﾠputting	 ﾠa	 ﾠnegative	 ﾠsign	 ﾠon	 ﾠthe	 ﾠgrowth	 ﾠrates.	 ﾠThe	 ﾠspecific	 ﾠdynamics	 ﾠare	 ﾠ
different	 ﾠin	 ﾠboth	 ﾠworld	 ﾠregions	 ﾠwith	 ﾠthe	 ﾠUS	 ﾠhaving	 ﾠmore	 ﾠvehicle	 ﾠkm	 ﾠreduction	 ﾠbut	 ﾠ
also	 ﾠreturning	 ﾠto	 ﾠpositive	 ﾠgrowth	 ﾠrates	 ﾠearlier	 ﾠthan	 ﾠthe	 ﾠEU.	 ﾠDe	 ﾠfacto,	 ﾠhowever,	 ﾠ
growth	 ﾠin	 ﾠtransport	 ﾠdemand	 ﾠis	 ﾠdelayed	 ﾠin	 ﾠthe	 ﾠUS	 ﾠand	 ﾠEU	 ﾠby	 ﾠ2	 ﾠyears	 ﾠ(conservative	 ﾠ
estimate).	 ﾠIn	 ﾠthe	 ﾠfollowing,	 ﾠit	 ﾠis	 ﾠassumed	 ﾠthat	 ﾠthere	 ﾠis	 ﾠno	 ﾠrebound	 ﾠeffect,	 ﾠi.e.	 ﾠthat	 ﾠ
post-ﾭ‐recession	 ﾠgrowth	 ﾠdo	 ﾠnot	 ﾠcompensate	 ﾠfor	 ﾠthe	 ﾠrecession.	 ﾠIn	 ﾠthat	 ﾠcase,	 ﾠthe	 ﾠEU	 ﾠ
emission	 ﾠintensity	 ﾠstandards	 ﾠwould	 ﾠlead	 ﾠto	 ﾠa	 ﾠ14%	 ﾠ(instead	 ﾠof	 ﾠ11%)	 ﾠreduction	 ﾠin	 ﾠ
GHG	 ﾠemissions	 ﾠfrom	 ﾠ2005	 ﾠto	 ﾠ2020,	 ﾠclearly	 ﾠexceeding	 ﾠthe	 ﾠ10.5%	 ﾠreduction	 ﾠtarget	 ﾠ
that	 ﾠmight	 ﾠbe	 ﾠadopted	 ﾠin	 ﾠcase	 ﾠof	 ﾠa	 ﾠmore	 ﾠambitious	 ﾠEU	 ﾠoverall	 ﾠeffort	 ﾠwith	 ﾠ30%	 ﾠ
reductions	 ﾠbelow	 ﾠthe	 ﾠ2005	 ﾠlevel.	 ﾠThis	 ﾠalso	 ﾠimplies	 ﾠthat	 ﾠEU	 ﾠETS	 ﾠsectors	 ﾠ–	 ﾠsubject	 ﾠto	 ﾠ
the	 ﾠrecession	 ﾠas	 ﾠwell	 ﾠ–	 ﾠwill	 ﾠneed	 ﾠto	 ﾠdeliver	 ﾠless	 ﾠabatement.	 ﾠHence,	 ﾠconcerns	 ﾠover	 ﾠ
rising	 ﾠallowance	 ﾠprices	 ﾠin	 ﾠcase	 ﾠof	 ﾠadopting	 ﾠthe	 ﾠ30%	 ﾠtarget	 ﾠfor	 ﾠEurope	 ﾠand	 ﾠincluding	 ﾠ
the	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠare	 ﾠeven	 ﾠless	 ﾠwarranted,	 ﾠand	 ﾠmoving	 ﾠto	 ﾠthis	 ﾠtarget	 ﾠcan	 ﾠbe	 ﾠ
recommended	 ﾠ.	 ﾠThe	 ﾠUS	 ﾠwould	 ﾠexperience	 ﾠ6%	 ﾠinstead	 ﾠof	 ﾠ3%	 ﾠreduction	 ﾠin	 ﾠGHG	 ﾠ
emissions	 ﾠfrom	 ﾠ2005	 ﾠto	 ﾠ2020.	 ﾠCalifornia	 ﾠroad	 ﾠtransport	 ﾠemissions	 ﾠmay	 ﾠbe	 ﾠreduced	 ﾠ
by	 ﾠan	 ﾠadditional	 ﾠ3%	 ﾠrelative	 ﾠto	 ﾠ2005	 ﾠ(in	 ﾠthe	 ﾠcalculation	 ﾠabove	 ﾠ2008	 ﾠrecession	 ﾠand	 ﾠ
oil	 ﾠprice	 ﾠeffects	 ﾠwere	 ﾠalready	 ﾠincluded).	 ﾠ
Implications	 ﾠ
In	 ﾠall	 ﾠjurisdictions	 ﾠwhere	 ﾠemission	 ﾠtrading	 ﾠfor	 ﾠtransport	 ﾠis	 ﾠunder	 ﾠdiscussion,	 ﾠ
existing	 ﾠtransport	 ﾠpolicies	 ﾠcontribute	 ﾠsignificantly	 ﾠto	 ﾠGHG	 ﾠreduction	 ﾠtargets.	 ﾠEU	 ﾠ
transport	 ﾠpolicies	 ﾠinduce	 ﾠmore	 ﾠmitigation	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠmostly	 ﾠbecause	 ﾠa)	 ﾠ
transport	 ﾠdemand	 ﾠgrows	 ﾠslightly	 ﾠless	 ﾠand	 ﾠb)	 ﾠstandards	 ﾠare	 ﾠset	 ﾠalready	 ﾠuntil	 ﾠ2020,	 ﾠ
whereas	 ﾠUS	 ﾠstandards	 ﾠare	 ﾠset	 ﾠonly	 ﾠtill	 ﾠ2016.	 ﾠIf	 ﾠthe	 ﾠUS	 ﾠcontinues	 ﾠto	 ﾠtighten	 ﾠstandards	 ﾠ
after	 ﾠ2016,	 ﾠmore	 ﾠGHG	 ﾠemission	 ﾠreductions	 ﾠwill	 ﾠbe	 ﾠinduced.	 ﾠ	 ﾠ
What	 ﾠdo	 ﾠthese	 ﾠanalyses	 ﾠimply	 ﾠfor	 ﾠemission	 ﾠtrading	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector?	 ﾠ
Emission	 ﾠtrading	 ﾠwould	 ﾠeffectively	 ﾠaddress	 ﾠsome	 ﾠweaknesses	 ﾠof	 ﾠexisting	 ﾠpolicies:	 ﾠ
•  Current	 ﾠpolicies	 ﾠare	 ﾠnot	 ﾠguaranteed	 ﾠto	 ﾠachieve	 ﾠemission	 ﾠreduction	 ﾠ
targets.	 ﾠEmission	 ﾠtrading,	 ﾠin	 ﾠaddition,	 ﾠwould	 ﾠguarantee	 ﾠreaching	 ﾠthe	 ﾠ
target.	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•  The	 ﾠshift	 ﾠof	 ﾠresponsibilites	 ﾠfrom	 ﾠcar	 ﾠmanufacturers	 ﾠto	 ﾠfuel	 ﾠproducers	 ﾠ
because	 ﾠof	 ﾠhigher	 ﾠexpected	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠalternative	 ﾠfuel	 ﾠvehicles	 ﾠ
is	 ﾠaddressed:	 ﾠupstream	 ﾠemissions	 ﾠare	 ﾠregulated.	 ﾠVice	 ﾠversa,	 ﾠcar	 ﾠ
manufacturers	 ﾠare	 ﾠhold	 ﾠresponsible	 ﾠfor	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠcars	 ﾠand	 ﾠthe	 ﾠ
tank-ﾭ‐to-ﾭ‐wheel-ﾭ‐emissions	 ﾠby	 ﾠstandards.	 ﾠSuch	 ﾠan	 ﾠinstrument	 ﾠmix	 ﾠwould	 ﾠ
encourage	 ﾠthe	 ﾠdecarbonization	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠappropriate.	 ﾠ	 ﾠ
•  The	 ﾠfull	 ﾠpotential	 ﾠof	 ﾠemission	 ﾠreductions	 ﾠfor	 ﾠboth	 ﾠfuel	 ﾠproviders	 ﾠ
(carbon	 ﾠintensity	 ﾠreduction)	 ﾠand	 ﾠconsumers	 ﾠ(dampening	 ﾠdemand	 ﾠ
growth)	 ﾠwould	 ﾠbe	 ﾠincentivized.	 ﾠ
For	 ﾠthe	 ﾠEU,	 ﾠpost-ﾭ‐recession	 ﾠestimates	 ﾠof	 ﾠtransport	 ﾠemissions	 ﾠindicate	 ﾠthat	 ﾠthe	 ﾠ
transport	 ﾠsector	 ﾠmore	 ﾠthan	 ﾠfulfills	 ﾠits	 ﾠ2020	 ﾠreduction	 ﾠtarget.	 ﾠIf	 ﾠthe	 ﾠsame	 ﾠis	 ﾠtrue	 ﾠfor	 ﾠ
industry	 ﾠand	 ﾠthe	 ﾠelectricity	 ﾠsector,	 ﾠa	 ﾠ30%	 ﾠ2020	 ﾠtarget	 ﾠis	 ﾠmore	 ﾠappropriate	 ﾠto	 ﾠreflect	 ﾠ
the	 ﾠEU	 ﾠcapabilities,	 ﾠbut	 ﾠalso	 ﾠin	 ﾠterms	 ﾠof	 ﾠhistoric	 ﾠresponsibility,	 ﾠdemonstrating	 ﾠthe	 ﾠ
feasibility	 ﾠof	 ﾠdecarbonization,	 ﾠand	 ﾠto	 ﾠfoster	 ﾠits	 ﾠcompetitveness	 ﾠin	 ﾠlow-ﾭ‐carbon	 ﾠ
technologies.	 ﾠ
Including	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠinto	 ﾠthe	 ﾠCalifornian	 ﾠ(or	 ﾠWestern	 ﾠState)	 ﾠ
trading	 ﾠscheme	 ﾠis	 ﾠparticularly	 ﾠrecommended.	 ﾠCalifornia	 ﾠis	 ﾠa	 ﾠspecial	 ﾠcase	 ﾠdue	 ﾠto	 ﾠthe	 ﾠ
high	 ﾠshare	 ﾠ(37%)	 ﾠof	 ﾠtransportation	 ﾠin	 ﾠoverall	 ﾠGHG	 ﾠemissions,	 ﾠwhich	 ﾠis	 ﾠmuch	 ﾠhigher	 ﾠ
than	 ﾠin	 ﾠmost	 ﾠother	 ﾠregions	 ﾠof	 ﾠthe	 ﾠworld	 ﾠand	 ﾠthe	 ﾠUS.	 ﾠWhile	 ﾠuncertainty	 ﾠover	 ﾠfuture	 ﾠ
travel	 ﾠdemand	 ﾠand	 ﾠcarbon	 ﾠintensity	 ﾠmake	 ﾠprojections	 ﾠon	 ﾠthe	 ﾠexact	 ﾠmagnitude	 ﾠof	 ﾠ
GHG	 ﾠemission	 ﾠreduction	 ﾠin	 ﾠthe	 ﾠCalifornia	 ﾠtransport	 ﾠsector	 ﾠdifficult,	 ﾠour	 ﾠcalculations	 ﾠ
find	 ﾠthat	 ﾠcurrent	 ﾠpolicies	 ﾠwill	 ﾠbe	 ﾠsufficient	 ﾠto	 ﾠachieve	 ﾠthe	 ﾠemission	 ﾠgoals	 ﾠof	 ﾠAB32	 ﾠ
only	 ﾠif	 ﾠtransport	 ﾠdemand	 ﾠgrowth	 ﾠis	 ﾠlow	 ﾠand	 ﾠthe	 ﾠLCFS	 ﾠis	 ﾠtruly	 ﾠeffective	 ﾠ(and	 ﾠdoes	 ﾠnot	 ﾠ
perversely	 ﾠregulate	 ﾠutilities	 ﾠselling	 ﾠelectricity	 ﾠto	 ﾠBEVs).	 ﾠCap-ﾭ‐and-ﾭ‐trade	 ﾠwill	 ﾠensure	 ﾠ
that	 ﾠthis	 ﾠtarget	 ﾠcan	 ﾠbe	 ﾠachieved,	 ﾠfully	 ﾠincentivizing	 ﾠlow	 ﾠcarbon	 ﾠfuels	 ﾠand	 ﾠa	 ﾠ
reasonable	 ﾠdampening	 ﾠin	 ﾠtransport	 ﾠdemand	 ﾠgrowth.	 ﾠ	 ﾠ
In	 ﾠaddition,	 ﾠexcluding	 ﾠthe	 ﾠdominant	 ﾠdriving	 ﾠforce	 ﾠof	 ﾠtravel	 ﾠdemand	 ﾠfrom	 ﾠ
climate	 ﾠpolicy	 ﾠreduces	 ﾠflexibility	 ﾠfor	 ﾠclimate	 ﾠchange	 ﾠmitigation	 ﾠsignificantly	 ﾠand	 ﾠ
without	 ﾠany	 ﾠgood	 ﾠreason.	 ﾠFurthermore,	 ﾠCalifornia	 ﾠhas	 ﾠa	 ﾠspecial	 ﾠautomobile	 ﾠmarket,	 ﾠ
offering	 ﾠattractive	 ﾠniche	 ﾠmarkets	 ﾠfor	 ﾠalternative	 ﾠfuel	 ﾠvehicles	 ﾠ(partially	 ﾠdue	 ﾠto	 ﾠZEV	 ﾠ
mandates).	 ﾠCalifornia	 ﾠis	 ﾠexpected	 ﾠto	 ﾠspearhead	 ﾠthe	 ﾠintroduction	 ﾠof	 ﾠelectricity	 ﾠas	 ﾠfuel	 ﾠ
for	 ﾠcars.	 ﾠAn	 ﾠemission	 ﾠtrading	 ﾠscheme	 ﾠacross	 ﾠsectors	 ﾠprovides	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠ
across	 ﾠa	 ﾠpossible	 ﾠplethora	 ﾠof	 ﾠalternative	 ﾠfuels	 ﾠin	 ﾠa	 ﾠvery	 ﾠeffective	 ﾠmanner.	 ﾠFinally,	 ﾠ
California	 ﾠfuel	 ﾠtaxation	 ﾠlevels	 ﾠare	 ﾠfar	 ﾠlower	 ﾠthan	 ﾠin	 ﾠEurope,	 ﾠand	 ﾠthe	 ﾠfuel	 ﾠprice	 ﾠ
increase	 ﾠdue	 ﾠto	 ﾠcarbon	 ﾠpricing	 ﾠwill	 ﾠdeliver	 ﾠeven	 ﾠmore	 ﾠsignificant	 ﾠco-ﾭ‐benefits	 ﾠsuch	 ﾠas	 ﾠ
reduced	 ﾠcongestion	 ﾠand	 ﾠlocal	 ﾠair	 ﾠpollution.	 ﾠ
	 ﾠ
	 ﾠ
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6.4.	 ﾠ Linking	 ﾠregional	 ﾠtrading	 ﾠsystems	 ﾠ
	 ﾠ
A	 ﾠglobal	 ﾠcarbon	 ﾠmarket	 ﾠcomprising	 ﾠall	 ﾠmajor	 ﾠcountries	 ﾠand	 ﾠindustries	 ﾠis	 ﾠ
widely	 ﾠregarded	 ﾠas	 ﾠa	 ﾠcost-ﾭ‐effective	 ﾠtool	 ﾠto	 ﾠcontrol	 ﾠglobal	 ﾠemissions	 ﾠ	 ﾠ(Stern	 ﾠet	 ﾠal.	 ﾠ
2007;	 ﾠLazarowicz	 ﾠet	 ﾠal.	 ﾠ2009;	 ﾠTirole	 ﾠ2010).	 ﾠHowever,	 ﾠtop-ﾭ‐down	 ﾠimplementation	 ﾠof	 ﾠa	 ﾠ
global	 ﾠemission	 ﾠtrading	 ﾠsystem	 ﾠthrough	 ﾠan	 ﾠinternational	 ﾠclimate	 ﾠtreaty	 ﾠseems	 ﾠ
unrealistic	 ﾠin	 ﾠlight	 ﾠof	 ﾠrecent	 ﾠnegotiation	 ﾠoutcomes	 ﾠ(UNFCCC	 ﾠ2009).	 ﾠThus,	 ﾠan	 ﾠ
incremental	 ﾠapproach	 ﾠresting	 ﾠon	 ﾠnationally	 ﾠimplemented	 ﾠcarbon	 ﾠtrading	 ﾠsystems	 ﾠis	 ﾠ
discussed	 ﾠas	 ﾠa	 ﾠcentral	 ﾠpillar	 ﾠof	 ﾠthe	 ﾠfuture	 ﾠinternational	 ﾠclimate	 ﾠpolicy	 ﾠportfolio	 ﾠ(e.g.	 ﾠ
Edenhofer	 ﾠet	 ﾠal.	 ﾠ2007;	 ﾠJaffe	 ﾠand	 ﾠStavins	 ﾠ2007;	 ﾠFlachsland	 ﾠet	 ﾠal.	 ﾠ2009a,	 ﾠb).	 ﾠTrading	 ﾠ
systems	 ﾠare	 ﾠbeing	 ﾠconsidered	 ﾠor	 ﾠin	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠimplementation	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠ
States,	 ﾠAustralia,	 ﾠJapan,	 ﾠNew	 ﾠZealand.	 ﾠSub-ﾭ‐national	 ﾠinitiatives	 ﾠexist	 ﾠin	 ﾠthe	 ﾠUSA	 ﾠwith	 ﾠ
the	 ﾠRegional	 ﾠGreenhouse	 ﾠGas	 ﾠInitiative	 ﾠ(RGGI),	 ﾠCalifornia	 ﾠand	 ﾠother	 ﾠUS	 ﾠstates	 ﾠand	 ﾠ
Canadian	 ﾠprovinces	 ﾠorganized	 ﾠin	 ﾠthe	 ﾠWestern	 ﾠClimate	 ﾠInitiative	 ﾠ(WCI),	 ﾠand	 ﾠthe	 ﾠ
Midwestern	 ﾠGHG	 ﾠAccord.	 ﾠIn	 ﾠJapan	 ﾠTokyo	 ﾠhas	 ﾠset	 ﾠup	 ﾠa	 ﾠlocal	 ﾠETS.	 ﾠFigure	 ﾠ18	 ﾠprovides	 ﾠ













The	 ﾠEuropean	 ﾠUnion	 ﾠhas	 ﾠproposed	 ﾠthe	 ﾠcreation	 ﾠof	 ﾠan	 ﾠOECD-ﾭ‐wide	 ﾠcap-ﾭ‐and-ﾭ‐
trade	 ﾠsystem	 ﾠby	 ﾠ2015	 ﾠ(EC	 ﾠ2009c).12	 ﾠA	 ﾠsystem	 ﾠof	 ﾠregional	 ﾠtrading	 ﾠsystems	 ﾠis	 ﾠ
envisaged	 ﾠlinking	 ﾠdomestic	 ﾠinitiatives	 ﾠin	 ﾠOECD	 ﾠcountries.	 ﾠMajor	 ﾠdeveloping	 ﾠ
countries	 ﾠcould	 ﾠimplement	 ﾠsector	 ﾠintensity-ﾭ‐based	 ﾠcrediting	 ﾠor	 ﾠtrading	 ﾠsystems	 ﾠwith	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	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 ﾠ	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 ﾠ	 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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12	 ﾠFor	 ﾠa	 ﾠdiscussion	 ﾠof	 ﾠfuture	 ﾠinternational	 ﾠcarbon	 ﾠmarket	 ﾠarchitectures	 ﾠand	 ﾠlinking	 ﾠof	 ﾠregional	 ﾠ
trading	 ﾠsystems,	 ﾠsee	 ﾠFlachsland	 ﾠet	 ﾠal.	 ﾠ(2009a,	 ﾠb)	 ﾠand	 ﾠTuerk	 ﾠet	 ﾠal.	 ﾠ(2009).	 ﾠ	 ﾠ
	 ﾠ
Figure 18: Regional cap-and-trade systems in preparation or operation. 
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absolute	 ﾠcaps	 ﾠand	 ﾠsell	 ﾠallowances	 ﾠto	 ﾠthe	 ﾠOECD	 ﾠmarkets.	 ﾠThis	 ﾠwould	 ﾠconstitute	 ﾠan	 ﾠ
intermediate	 ﾠstep	 ﾠbefore	 ﾠadopting	 ﾠcomprehensive	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠlater	 ﾠon.	 ﾠ	 ﾠ
The	 ﾠmost	 ﾠobvious	 ﾠbenefits	 ﾠfrom	 ﾠlinking	 ﾠe.g.	 ﾠa	 ﾠUS	 ﾠsystem	 ﾠand	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠ
would	 ﾠbe	 ﾠenhanced	 ﾠefficiency	 ﾠin	 ﾠachieving	 ﾠdomestic	 ﾠabatement	 ﾠtargets.	 ﾠHarmonized	 ﾠ
carbon	 ﾠprices	 ﾠacross	 ﾠregions	 ﾠimply	 ﾠthe	 ﾠcreation	 ﾠof	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠthe	 ﾠ
capped	 ﾠindustries,	 ﾠwhich	 ﾠcan	 ﾠbe	 ﾠexpected	 ﾠto	 ﾠunderpin	 ﾠpolitical	 ﾠstability	 ﾠof	 ﾠclimate	 ﾠ
policy.	 ﾠAnother	 ﾠbenefit	 ﾠof	 ﾠa	 ﾠharmonized	 ﾠcarbon	 ﾠprice	 ﾠis	 ﾠfacilitation	 ﾠof	 ﾠRD&D	 ﾠ
planning	 ﾠin	 ﾠinternational	 ﾠmarkets	 ﾠthat	 ﾠexpect	 ﾠidentical	 ﾠGHG	 ﾠprices,	 ﾠe.g.	 ﾠ	 ﾠmarkets	 ﾠfor	 ﾠ
road	 ﾠtransport	 ﾠvehicles.	 ﾠAlso,	 ﾠindependent	 ﾠregional	 ﾠcarbon	 ﾠmarkets	 ﾠare	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠ
linked	 ﾠindirectly	 ﾠvia	 ﾠworld	 ﾠcredit	 ﾠ(e.g.	 ﾠCDM)	 ﾠmarkets	 ﾠin	 ﾠany	 ﾠcase,	 ﾠso	 ﾠdirect	 ﾠlinkage	 ﾠ
will	 ﾠfacilitate	 ﾠcoordinated	 ﾠgovernance	 ﾠof	 ﾠinternational	 ﾠcarbon	 ﾠmarkets.	 ﾠ
Potential	 ﾠcaveats	 ﾠto	 ﾠlinking	 ﾠregional	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠsystems	 ﾠare	 ﾠthat	 ﾠa	 ﾠshared	 ﾠ
understanding	 ﾠof	 ﾠoptimal	 ﾠpolicy	 ﾠimplementation	 ﾠis	 ﾠrequired	 ﾠinsofar	 ﾠas	 ﾠsystem	 ﾠ
design	 ﾠtouches	 ﾠupon	 ﾠcritical	 ﾠissues.	 ﾠThis	 ﾠconcerns	 ﾠ	 ﾠadditionality	 ﾠ	 ﾠof	 ﾠcredits	 ﾠ(Chapter	 ﾠ
6.1)	 ﾠor	 ﾠthe	 ﾠimplementation	 ﾠof	 ﾠmarket	 ﾠcontrol	 ﾠdevices	 ﾠsuch	 ﾠas	 ﾠprice	 ﾠfloors	 ﾠor	 ﾠceilings.	 ﾠ
Note	 ﾠthat	 ﾠthe	 ﾠmethod	 ﾠof	 ﾠallocation	 ﾠis	 ﾠlargely	 ﾠirrelevant	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠlinking	 ﾠsince	 ﾠ
related	 ﾠissues	 ﾠ(e.g.	 ﾠthe	 ﾠsubsidy	 ﾠit	 ﾠentails	 ﾠunder	 ﾠfree	 ﾠallocation)	 ﾠwill	 ﾠarise	 ﾠalso	 ﾠin	 ﾠ
absence	 ﾠof	 ﾠlinking.	 ﾠAnother	 ﾠpotential	 ﾠcaveat	 ﾠis	 ﾠthat	 ﾠlinking	 ﾠmay	 ﾠnot	 ﾠentail	 ﾠsignificant	 ﾠ
welfare	 ﾠgains	 ﾠif	 ﾠpre-ﾭ‐link	 ﾠallowance	 ﾠprices	 ﾠare	 ﾠrather	 ﾠsimilar.	 ﾠThis	 ﾠis	 ﾠnot	 ﾠunlikely,	 ﾠ
especially	 ﾠif	 ﾠthe	 ﾠsystems	 ﾠare	 ﾠalready	 ﾠlinked	 ﾠindirectly	 ﾠvia	 ﾠthird	 ﾠmarkets,	 ﾠe.g.	 ﾠif	 ﾠthey	 ﾠ
both	 ﾠenable	 ﾠaccess	 ﾠto	 ﾠcredits	 ﾠon	 ﾠthe	 ﾠinternational	 ﾠCDM	 ﾠmarket	 ﾠ(see	 ﾠFlachsland	 ﾠet	 ﾠal.	 ﾠ
2009a).	 ﾠFinally,	 ﾠlinking	 ﾠrequires	 ﾠthat	 ﾠthe	 ﾠpartners	 ﾠrecognize	 ﾠthe	 ﾠlevel	 ﾠof	 ﾠambition	 ﾠof	 ﾠ
the	 ﾠlinked	 ﾠtrading	 ﾠsystem:	 ﾠas	 ﾠan	 ﾠillustration,	 ﾠit	 ﾠis	 ﾠunlikely	 ﾠthat	 ﾠpolicymakers	 ﾠwould	 ﾠ
link	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠto	 ﾠa	 ﾠsystem	 ﾠthat	 ﾠis	 ﾠprone	 ﾠto	 ﾠoverallocation	 ﾠ(e.g.	 ﾠRGGI).	 ﾠInsofar	 ﾠas	 ﾠ
linking	 ﾠcan	 ﾠinvolve	 ﾠinternational	 ﾠfinancial	 ﾠtransfers,	 ﾠthe	 ﾠburden-ﾭ‐sharing	 ﾠimplied	 ﾠby	 ﾠ
regional	 ﾠabatement	 ﾠtargets	 ﾠrequires	 ﾠendorsement	 ﾠprior	 ﾠto	 ﾠlinking.	 ﾠ	 ﾠ
Against	 ﾠthe	 ﾠbackground	 ﾠof	 ﾠthese	 ﾠconsiderations,	 ﾠwell-ﾭ‐designed	 ﾠand	 ﾠwell-ﾭ‐
governed	 ﾠtrading	 ﾠsystem	 ﾠlinks	 ﾠoffer	 ﾠa	 ﾠnumber	 ﾠof	 ﾠbenefits.	 ﾠStill,	 ﾠthe	 ﾠmore	 ﾠrelevant	 ﾠ
step	 ﾠfor	 ﾠGHG	 ﾠregulation	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠemissions	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠinception	 ﾠof	 ﾠcap-ﾭ‐
and-ﾭ‐trade	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠplace,	 ﾠwith	 ﾠlinking	 ﾠas	 ﾠan	 ﾠimportant	 ﾠoption	 ﾠfor	 ﾠfurther	 ﾠ
enhancement	 ﾠof	 ﾠpolicy	 ﾠdesign.	 ﾠ	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7. Towards GHG pricing instruments 
What	 ﾠis	 ﾠthe	 ﾠoptimal	 ﾠclimate	 ﾠpolicy	 ﾠportfolio	 ﾠfor	 ﾠroad	 ﾠtransport?	 ﾠIn	 ﾠchapter	 ﾠ2-ﾭ‐
4,	 ﾠwe	 ﾠanalyzed	 ﾠexisting	 ﾠpolicy	 ﾠinstruments	 ﾠin	 ﾠa	 ﾠbottom-ﾭup	 ﾠperspective.	 ﾠChapter	 ﾠ5-ﾭ‐6,	 ﾠ
derived	 ﾠthe	 ﾠrationale	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠin	 ﾠa	 ﾠtop-ﾭdown	 ﾠmanner.	 ﾠThis	 ﾠsection	 ﾠdevelops	 ﾠ
a	 ﾠ synthesis	 ﾠ that	 ﾠ features	 ﾠ a	 ﾠ cap-ﾭ‐and-ﾭ‐trade	 ﾠ system	 ﾠ at	 ﾠ the	 ﾠ core	 ﾠ of	 ﾠ road	 ﾠ transport	 ﾠ
climate	 ﾠpolicy,	 ﾠwith	 ﾠproperly	 ﾠdesigned	 ﾠregulatory	 ﾠinstruments	 ﾠas	 ﾠcomplements	 ﾠthat	 ﾠ
cure	 ﾠGHG	 ﾠpricing	 ﾠmarket	 ﾠfailures.	 ﾠ
Current	 ﾠregulation	 ﾠof	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠheavily	 ﾠrelies	 ﾠon	 ﾠ
non-ﾭ‐market	 ﾠ standards	 ﾠ that	 ﾠ have	 ﾠ only	 ﾠ limited	 ﾠ coverage.	 ﾠ While	 ﾠ fuel	 ﾠ efficiency	 ﾠ
standards	 ﾠ and	 ﾠ low	 ﾠ carbon	 ﾠ fuel	 ﾠ standards	 ﾠ can	 ﾠ be	 ﾠ effective	 ﾠ and	 ﾠ efficient	 ﾠ policy	 ﾠ
instruments	 ﾠin	 ﾠtheir	 ﾠparticular	 ﾠcontext,	 ﾠthey	 ﾠlack	 ﾠcomprehensive	 ﾠscope	 ﾠand	 ﾠfail	 ﾠin	 ﾠ
setting	 ﾠoptimal	 ﾠincentives	 ﾠdue	 ﾠto	 ﾠboth	 ﾠgeneric	 ﾠinconsistencies	 ﾠand	 ﾠspecific	 ﾠdesign.	 ﾠ
Fuel	 ﾠefficiency	 ﾠstandards	 ﾠaddress	 ﾠcar	 ﾠmanufacturers	 ﾠand	 ﾠincentivize	 ﾠthem	 ﾠto	 ﾠ
improve	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠtheir	 ﾠproduct.	 ﾠCurrent	 ﾠregulation	 ﾠis	 ﾠeffective	 ﾠand	 ﾠefficient	 ﾠ
in	 ﾠ doing	 ﾠ so.	 ﾠ However,	 ﾠ with	 ﾠ diversification	 ﾠ of	 ﾠ fuel	 ﾠ supply	 ﾠ chains,	 ﾠ fuel	 ﾠ efficiency	 ﾠ
standards	 ﾠ must	 ﾠ be	 ﾠ specified	 ﾠ to	 ﾠ address	 ﾠ car	 ﾠ manufacturer’s	 ﾠ responsibilities,	 ﾠb y 	 ﾠ
strictly	 ﾠregulating	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency,	 ﾠand	 ﾠ-ﾭ‐	 ﾠin	 ﾠthe	 ﾠlong	 ﾠrun	 ﾠ-ﾭ‐	 ﾠby	 ﾠfocusing	 ﾠon	 ﾠ
energy	 ﾠmetrics.	 ﾠ	 ﾠ
Fuel	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠsubject	 ﾠto	 ﾠtwo	 ﾠrebound	 ﾠeffects.	 ﾠFirst,	 ﾠincreased	 ﾠ
market	 ﾠshares	 ﾠof	 ﾠmore	 ﾠefficient	 ﾠcars	 ﾠare	 ﾠpartially	 ﾠoffset	 ﾠby	 ﾠgreater	 ﾠdemand	 ﾠfor	 ﾠroad	 ﾠ
transport.	 ﾠSecond,	 ﾠcar	 ﾠmanufacturers	 ﾠcan	 ﾠreact	 ﾠto	 ﾠstandards	 ﾠthrough	 ﾠtechnology	 ﾠand	 ﾠ
innovation,	 ﾠshifting	 ﾠtheir	 ﾠautomobile	 ﾠportfolio,	 ﾠbut	 ﾠalso	 ﾠby	 ﾠpushing	 ﾠadditional	 ﾠfuel	 ﾠ
efficient	 ﾠcars	 ﾠinto	 ﾠthe	 ﾠmarket	 ﾠ(e.g.	 ﾠby	 ﾠoffering	 ﾠdiscounts).	 ﾠAs	 ﾠsuch,	 ﾠfuel	 ﾠefficiency	 ﾠ
standards	 ﾠset	 ﾠperverse	 ﾠincentives.	 ﾠAdditionally,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠ–	 ﾠtargeting	 ﾠ
car	 ﾠmanufacturers	 ﾠ-ﾭ‐	 ﾠare	 ﾠset	 ﾠin	 ﾠCO2e/km	 ﾠin	 ﾠ	 ﾠCalifornia,	 ﾠcapturing	 ﾠemissions	 ﾠfrom	 ﾠ
well-ﾭ‐to-ﾭ‐wheel.	 ﾠ However,	 ﾠ car	 ﾠ manufacturers	 ﾠ can	 ﾠ only	 ﾠ influence	 ﾠ tank-ﾭ‐to-ﾭ‐wheel	 ﾠ
efficiency	 ﾠ and/or	 ﾠ emissions,	 ﾠ and	 ﾠ thus	 ﾠ these	 ﾠ policies	 ﾠ do	 ﾠ not	 ﾠ provide	 ﾠ proper	 ﾠ
incentives	 ﾠfor	 ﾠfuel	 ﾠproducers.	 ﾠEmission	 ﾠtrading	 ﾠcan	 ﾠthen	 ﾠbe	 ﾠa	 ﾠsuitable	 ﾠinstrument	 ﾠto	 ﾠ
address	 ﾠGHG	 ﾠemission	 ﾠacross	 ﾠall	 ﾠfuels	 ﾠand	 ﾠtechnologies,	 ﾠand	 ﾠhence,	 ﾠproviding	 ﾠa	 ﾠlevel	 ﾠ
playing	 ﾠfield.	 ﾠ	 ﾠ
Low	 ﾠ carbon	 ﾠ fuel	 ﾠ standards	 ﾠ address	 ﾠ fuel	 ﾠ producers	 ﾠ and	 ﾠ favor	 ﾠ low-ﾭ‐carbon	 ﾠ
fuels	 ﾠbut	 ﾠcan	 ﾠincentivize	 ﾠincreased	 ﾠproduction	 ﾠof	 ﾠlow	 ﾠcarbon	 ﾠfuels	 ﾠwithout	 ﾠlowering	 ﾠ
the	 ﾠproduction	 ﾠof	 ﾠhigh	 ﾠcarbon	 ﾠfuels.	 ﾠIn	 ﾠits	 ﾠcurrent	 ﾠimplementation,	 ﾠthe	 ﾠCalifornian	 ﾠ
LCFS	 ﾠ disproportionately	 ﾠ favors	 ﾠ electricity	 ﾠ (counting	 ﾠ only	 ﾠ a	 ﾠ third	 ﾠ of	 ﾠ average	 ﾠ
Californian	 ﾠ GHG	 ﾠ emissions	 ﾠ from	 ﾠ power	 ﾠ generation).	 ﾠ The	 ﾠ burden	 ﾠ of	 ﾠ emission	 ﾠ
responsibility	 ﾠis	 ﾠshifted	 ﾠto	 ﾠcar	 ﾠmanufacturer	 ﾠwhereas	 ﾠutilities	 ﾠcan	 ﾠinfluence	 ﾠlife	 ﾠcycle	 ﾠ
emissions	 ﾠ of	 ﾠ BEVs,	 ﾠ and	 ﾠ thus,	 ﾠ are	 ﾠ the	 ﾠ appropriate	 ﾠ actor	 ﾠ to	 ﾠb e 	 ﾠr e g u l a t e d . 	 ﾠThe	 ﾠ
upstream	 ﾠGHG	 ﾠemissions	 ﾠ(from	 ﾠpower	 ﾠgeneration)	 ﾠof	 ﾠelectric	 ﾠcars	 ﾠare	 ﾠnot	 ﾠstrictly	 ﾠ
accounted	 ﾠfor.	 ﾠA	 ﾠreform	 ﾠproposal	 ﾠis	 ﾠto	 ﾠuse	 ﾠLCFS	 ﾠfor	 ﾠregulating	 ﾠthe	 ﾠcarbon	 ﾠintensity	 ﾠ  72	 ﾠ
of	 ﾠliquid	 ﾠfuels	 ﾠonly.	 ﾠThis	 ﾠwould	 ﾠincentivize	 ﾠa	 ﾠlow-ﾭ‐carbon	 ﾠbiofuel	 ﾠinfrastructure	 ﾠand	 ﾠ
inhibit	 ﾠthe	 ﾠuse	 ﾠof	 ﾠhigh-ﾭ‐carbon	 ﾠunconventional	 ﾠoils.	 ﾠ	 ﾠ
Crucially,	 ﾠboth	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠand	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandards	 ﾠleave	 ﾠ
transport	 ﾠdemand	 ﾠmostly	 ﾠunregulated.	 ﾠIn	 ﾠfact,	 ﾠtransport	 ﾠvolumes	 ﾠmay	 ﾠeven	 ﾠincrease	 ﾠ




Figure 19. Closing the policy gap with a cap and price instrument. A quantity target and the 
corresponding GHG price alleviate rebound effects and perverse incentives of fuel 
efficiency standards  and LCFSs. Emission trading would also provide a level playing field 
across all fuels enabling fuel efficiency standard to focus on tank-to-wheel efficiency – 
where they are truly effective. The crossregulation of carbon intensity by GHG standards 
for vehicles (red arrow) becomes unnecessary. Non-price instruments are valuable in 
addressing specific market failures, especially in a dynamic setting. However, non-price 
instruments need to accurately address actors according to their capabilities and incentive 
structures. Hence, LCFS should focus solely on liquid fuel providers and can be phased out 
with successful implementation of a cap and price signal. Fuel efficiency standards should 
reflect car manufacturers’ responsibility in terms of tank-to-wheel energy-based metrics. 
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Some	 ﾠ failures	 ﾠ can	 ﾠ be	 ﾠa l l e v i a t e d 	 ﾠb y 	 ﾠb e t t e r 	 ﾠd e s i g n , 	 ﾠe . g . 	 ﾠs w i t c h i n g 	 ﾠt o 	 ﾠe n e r g y -ﾭ‐based	 ﾠ
efficiency	 ﾠ measures	 ﾠ for	 ﾠ fuel	 ﾠ efficiency	 ﾠ standards.	 ﾠ However,	 ﾠ for	 ﾠ rebound	 ﾠ effects,	 ﾠ
perverse	 ﾠincentives,	 ﾠand	 ﾠoverall	 ﾠregulation	 ﾠof	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠ
sector,	 ﾠ other	 ﾠ instruments	 ﾠ are	 ﾠ required.	 ﾠ Here	 ﾠ we	 ﾠ argue	 ﾠ for	 ﾠ quantity	 ﾠ instruments,	 ﾠ
regulating	 ﾠ absolute	 ﾠ emissions,	 ﾠ and	 ﾠ an	 ﾠ associated	 ﾠ price	 ﾠ signal.	 ﾠ This	 ﾠ can	 ﾠ be,	 ﾠ for	 ﾠ
example,	 ﾠa	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠscheme.	 ﾠThe	 ﾠeffects	 ﾠof	 ﾠsuch	 ﾠan	 ﾠinstrument	 ﾠwould	 ﾠbe	 ﾠas	 ﾠ
follows:	 ﾠ
•  A	 ﾠtransport-ﾭ‐sector	 ﾠor	 ﾠeconomy-ﾭ‐wide	 ﾠcap	 ﾠand	 ﾠwith	 ﾠa	 ﾠcorresponding	 ﾠ
price	 ﾠ on	 ﾠ GHG	 ﾠ emissions	 ﾠ ensures	 ﾠ efficiency,	 ﾠ environmental	 ﾠ
effectiveness	 ﾠ	 ﾠand	 ﾠprovides	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠall	 ﾠfuels.	 ﾠ
•  Low	 ﾠcarbon	 ﾠfuels	 ﾠare	 ﾠsystematically	 ﾠincentivized.	 ﾠAs	 ﾠsuch,	 ﾠa	 ﾠcap	 ﾠand	 ﾠ
associated	 ﾠ price	 ﾠ signal	 ﾠ perfectly	 ﾠ complements	 ﾠ fuel	 ﾠ efficiency	 ﾠ
standards	 ﾠmeasured	 ﾠin	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency.	 ﾠ
•  A	 ﾠcap	 ﾠeliminates	 ﾠthe	 ﾠperverse	 ﾠincentive	 ﾠeffects	 ﾠof	 ﾠLCFS.	 ﾠ	 ﾠ
•  An	 ﾠeconomy-ﾭ‐wide	 ﾠcap	 ﾠmakes	 ﾠinefficient	 ﾠcross-ﾭ‐sectoral	 ﾠregulation	 ﾠ(e.g.	 ﾠ
the	 ﾠLCFS	 ﾠregulation	 ﾠof	 ﾠelectricity	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠBEVs)	 ﾠunnecessary.	 ﾠ
LCFS	 ﾠcan	 ﾠfocus	 ﾠon	 ﾠregulation	 ﾠof	 ﾠfossile	 ﾠfuels	 ﾠand	 ﾠbiofuels,	 ﾠand	 ﾠpossibly	 ﾠ
be	 ﾠphased	 ﾠout	 ﾠwith	 ﾠemission	 ﾠtrading	 ﾠin	 ﾠplace.	 ﾠ	 ﾠ
•  Possible	 ﾠrebound	 ﾠeffects	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠ(higher	 ﾠtransport	 ﾠ
demand)	 ﾠare	 ﾠavoided.	 ﾠ
•  Transport	 ﾠdemand	 ﾠis	 ﾠsubject	 ﾠto	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠefficient	 ﾠprice	 ﾠsignal	 ﾠ
and	 ﾠbecomes	 ﾠpart	 ﾠof	 ﾠthe	 ﾠoverall	 ﾠmitigation	 ﾠeffort.	 ﾠ	 ﾠ
The	 ﾠmain	 ﾠeffects	 ﾠare	 ﾠsummarized	 ﾠin	 ﾠFigure	 ﾠ19.	 ﾠExisting	 ﾠinstruments,	 ﾠsuch	 ﾠas	 ﾠfuel	 ﾠ
efficiency	 ﾠstandards	 ﾠand	 ﾠLCFSs,	 ﾠmay	 ﾠstill	 ﾠhave	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠa	 ﾠcap	 ﾠand	 ﾠprice	 ﾠ
signal	 ﾠworld.	 ﾠFor	 ﾠexample,	 ﾠefficiency	 ﾠstandards	 ﾠare	 ﾠneeded	 ﾠto	 ﾠachieve	 ﾠeconomy-ﾭ‐
wide	 ﾠdynamic	 ﾠefficiency	 ﾠand	 ﾠcounter	 ﾠloss	 ﾠaversion	 ﾠbias	 ﾠof	 ﾠconsumers.	 ﾠLCFSs	 ﾠcan	 ﾠbe	 ﾠ
phased	 ﾠout	 ﾠas	 ﾠa	 ﾠstringent	 ﾠcap	 ﾠand	 ﾠcredible	 ﾠenforcement	 ﾠis	 ﾠimplemented.	 ﾠHowever,	 ﾠ
the	 ﾠaccounting	 ﾠframework	 ﾠof	 ﾠLCFS	 ﾠis	 ﾠa	 ﾠcrucial	 ﾠprecondition	 ﾠfor	 ﾠregion-ﾭ‐wide	 ﾠcap	 ﾠand	 ﾠ
trade	 ﾠthat	 ﾠunsufficiently	 ﾠcovers	 ﾠworld-ﾭ‐wide	 ﾠemissions	 ﾠ(arising	 ﾠfrom	 ﾠagricultural	 ﾠ
production).	 ﾠAs	 ﾠsuch,	 ﾠthe	 ﾠCalifornian	 ﾠLCFS	 ﾠand	 ﾠthe	 ﾠEuropean	 ﾠFQD	 ﾠcan	 ﾠbe	 ﾠunderstood	 ﾠ
as	 ﾠancillary	 ﾠsteps	 ﾠto	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠcap	 ﾠin	 ﾠthese	 ﾠworld	 ﾠregions.	 ﾠFinally,	 ﾠa	 ﾠprice	 ﾠ
signal	 ﾠof	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠis	 ﾠunlikely	 ﾠto	 ﾠspur	 ﾠsufficient	 ﾠlarge-ﾭ‐scale	 ﾠinvestments	 ﾠin	 ﾠnew	 ﾠ
fuels	 ﾠtechnology	 ﾠif	 ﾠprice	 ﾠsignal	 ﾠis	 ﾠrelatively	 ﾠlow	 ﾠand	 ﾠcross-ﾭ‐sector	 ﾠonly	 ﾠincentivizes	 ﾠ
reductions	 ﾠfrom	 ﾠstationary	 ﾠsources	 ﾠin	 ﾠthe	 ﾠnear	 ﾠterm.	 ﾠThis	 ﾠis	 ﾠonly	 ﾠa	 ﾠproblem	 ﾠif	 ﾠ
relevant	 ﾠlearning	 ﾠcurve	 ﾠeffects	 ﾠare	 ﾠexpected	 ﾠfor	 ﾠlow-ﾭ‐carbon	 ﾠbiofuels,	 ﾠi.e.	 ﾠif	 ﾠcurrent	 ﾠ
high	 ﾠcosts	 ﾠof	 ﾠbiofuel	 ﾠinfrastructure	 ﾠare	 ﾠjustified	 ﾠby	 ﾠfuture	 ﾠgains.	 ﾠUnder	 ﾠthese	 ﾠ
circumstances	 ﾠeven	 ﾠa	 ﾠefficient	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠsystem	 ﾠshould	 ﾠbe	 ﾠcomplemented	 ﾠby	 ﾠ
supporting	 ﾠlearning-ﾭ‐technologies.	 ﾠIf	 ﾠlearning	 ﾠtechnologies	 ﾠare	 ﾠnot	 ﾠsupported	 ﾠthere	 ﾠis	 ﾠ
a	 ﾠremarkable	 ﾠrisk	 ﾠthat	 ﾠthe	 ﾠtransport	 ﾠsystem	 ﾠwill	 ﾠbe	 ﾠlocked-ﾭ‐in	 ﾠin	 ﾠa	 ﾠhigh	 ﾠcost-ﾭ‐
equilibrium.	 ﾠHowever,	 ﾠas	 ﾠlong	 ﾠas	 ﾠan	 ﾠeconomy-ﾭ‐wide	 ﾠcap	 ﾠand	 ﾠprice	 ﾠinstrument	 ﾠis	 ﾠnot	 ﾠ
in	 ﾠplace,	 ﾠa	 ﾠlow	 ﾠcarbon	 ﾠfuel	 ﾠstandard	 ﾠis	 ﾠa	 ﾠreasonable	 ﾠsecond-ﾭ‐best	 ﾠpolicy	 ﾠfor	 ﾠlocal	 ﾠ
regulators.	 ﾠHowever,	 ﾠboth	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠand	 ﾠLCFS	 ﾠcan	 ﾠbe	 ﾠneeded	 ﾠto	 ﾠbe	 ﾠ
adapted	 ﾠto	 ﾠachieve	 ﾠtheir	 ﾠprimary	 ﾠobjectives,	 ﾠand	 ﾠleave	 ﾠstatic	 ﾠefficiency	 ﾠof	 ﾠabatement	 ﾠ
to	 ﾠa	 ﾠcap	 ﾠand	 ﾠassociated	 ﾠprice	 ﾠsignal.	 ﾠ	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Similar	 ﾠto	 ﾠour	 ﾠconclusions,	 ﾠDeCicco	 ﾠ(2010)	 ﾠasks	 ﾠfor	 ﾠaligning	 ﾠincentives	 ﾠand	 ﾠ
actors	 ﾠ when	 ﾠ regulating	 ﾠ GHG	 ﾠ emissions	 ﾠ in	 ﾠ the	 ﾠ transport	 ﾠ sector,	 ﾠ specifically	 ﾠ
emphasizing	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠa	 ﾠenergy-ﾭ‐based	 ﾠmetric	 ﾠfor	 ﾠnew	 ﾠvehicles.	 ﾠYeh	 ﾠand	 ﾠSperling	 ﾠ
(2010)	 ﾠreview	 ﾠexisting	 ﾠLCFS	 ﾠschemes	 ﾠand	 ﾠpoint	 ﾠout	 ﾠthe	 ﾠneed	 ﾠto	 ﾠproperly	 ﾠalign	 ﾠLCFSs	 ﾠ
with	 ﾠexisting	 ﾠor	 ﾠenvisaged	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠschemes.	 ﾠ	 ﾠ
Altogether,	 ﾠa	 ﾠcap	 ﾠand	 ﾠtrade	 ﾠsystem	 ﾠwith	 ﾠan	 ﾠassociated	 ﾠprice	 ﾠsignal	 ﾠwould	 ﾠ
disincentivize	 ﾠthe	 ﾠincreased	 ﾠproduction	 ﾠof	 ﾠlow-ﾭ‐carbon	 ﾠfuels	 ﾠthat	 ﾠwould	 ﾠbe	 ﾠoptimal	 ﾠ
under	 ﾠLCFS	 ﾠalone	 ﾠand	 ﾠcounteract	 ﾠthe	 ﾠrebound	 ﾠeffect	 ﾠof	 ﾠfuel	 ﾠefficiency	 ﾠstandards.	 ﾠAn	 ﾠ
associated	 ﾠprice	 ﾠsignal	 ﾠwill	 ﾠreduce	 ﾠtransport	 ﾠdemand	 ﾠto	 ﾠwelfare	 ﾠenhancing	 ﾠlevels.	 ﾠ
Hence,	 ﾠquantity	 ﾠinstruments	 ﾠand	 ﾠthe	 ﾠcorresponding	 ﾠprice	 ﾠsignal	 ﾠcan	 ﾠhelp	 ﾠto	 ﾠremedy	 ﾠ
some	 ﾠweaknesses	 ﾠof	 ﾠcurrent	 ﾠstandards.	 ﾠ	 ﾠ
Cap-ﾭ‐and-ﾭ‐trade	 ﾠis,	 ﾠhowever,	 ﾠmore	 ﾠthan	 ﾠa	 ﾠpatch	 ﾠfor	 ﾠthe	 ﾠweaknesses	 ﾠof	 ﾠthe	 ﾠcurrent	 ﾠ
policy	 ﾠframework.	 ﾠIn	 ﾠcontrast,	 ﾠa	 ﾠbinding	 ﾠeconomy-ﾭ‐wide	 ﾠcap	 ﾠis	 ﾠa	 ﾠnecessary	 ﾠcondition	 ﾠ
to	 ﾠ achieve	 ﾠ an	 ﾠ ambitious	 ﾠ emission	 ﾠ mitigation	 ﾠ target.	 ﾠ The	 ﾠ associated	 ﾠ price	 ﾠ signal	 ﾠ
provides	 ﾠharmonized	 ﾠincentivizes	 ﾠacross	 ﾠthe	 ﾠeconomy,	 ﾠand	 ﾠhence,	 ﾠis	 ﾠeffective	 ﾠand	 ﾠ
efficient	 ﾠ in	 ﾠ incentivizing	 ﾠ all	 ﾠ available	 ﾠ mitigation	 ﾠ options	 ﾠ that	 ﾠ respond	 ﾠ to	 ﾠ price	 ﾠ
signals.	 ﾠ Carbon	 ﾠ taxation	 ﾠ of	 ﾠ road	 ﾠ transport	 ﾠ fuels	 ﾠ is	 ﾠ an	 ﾠ alternative	 ﾠ market-ﾭ‐based	 ﾠ
instrument,	 ﾠbut	 ﾠattaining	 ﾠmitigation	 ﾠtargets	 ﾠin	 ﾠan	 ﾠefficient	 ﾠmanner	 ﾠrequires	 ﾠmore	 ﾠ
regulatory	 ﾠ adjustments	 ﾠ than	 ﾠ a	 ﾠ cap-ﾭ‐and-ﾭ‐trade	 ﾠ system.	 ﾠ Cap-ﾭ‐and-ﾭ‐trade,	 ﾠ hence,	 ﾠ is	 ﾠ
desirable	 ﾠ also	 ﾠ from	 ﾠ a	 ﾠ top-ﾭ‐down	 ﾠ perspective.	 ﾠ More	 ﾠ specific	 ﾠ non-ﾭ‐market	 ﾠ policy	 ﾠ
instruments	 ﾠare	 ﾠrelevant	 ﾠin	 ﾠso	 ﾠfar	 ﾠas	 ﾠthey	 ﾠaddress	 ﾠmarket	 ﾠfailures,	 ﾠi.e.	 ﾠthey	 ﾠintervene	 ﾠ
where	 ﾠprice	 ﾠsignals	 ﾠare	 ﾠnot	 ﾠfully	 ﾠeffective.	 ﾠThe	 ﾠflow	 ﾠof	 ﾠthis	 ﾠargument	 ﾠis	 ﾠvisualized	 ﾠin	 ﾠ
Figure	 ﾠ20.	 ﾠ
Any	 ﾠ instrument	 ﾠ is	 ﾠ only	 ﾠ as	 ﾠ good	 ﾠ as	 ﾠ its	 ﾠ design.	 ﾠ For	 ﾠ cap-ﾭ‐and-ﾭ‐trade,	 ﾠ critical	 ﾠ
design	 ﾠissues	 ﾠinclude	 ﾠauctioning	 ﾠof	 ﾠallowances.	 ﾠThe	 ﾠpoint	 ﾠof	 ﾠregulation	 ﾠshould	 ﾠbe	 ﾠ
upstream,	 ﾠe.g.	 ﾠat	 ﾠrefineries,	 ﾠto	 ﾠlimit	 ﾠtransaction	 ﾠcosts	 ﾠand	 ﾠto	 ﾠcoherently	 ﾠcapture	 ﾠall	 ﾠ
emissions.	 ﾠ A	 ﾠ cap-ﾭ‐and-ﾭ‐trade	 ﾠ scheme	 ﾠ needs	 ﾠ to	 ﾠ set	 ﾠ credible	 ﾠ long-ﾭ‐term	 ﾠ reduction	 ﾠ
targets	 ﾠ and	 ﾠ enforcement	 ﾠ mechanism	 ﾠ to	 ﾠ be	 ﾠ dynamically	 ﾠ efficient	 ﾠ and	 ﾠ make	 ﾠ more	 ﾠ
specific	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠLCFS	 ﾠor	 ﾠFQD	 ﾠobsolete.	 ﾠ	 ﾠ
With	 ﾠcurrent	 ﾠreduction	 ﾠgoals	 ﾠof	 ﾠmajor	 ﾠworld	 ﾠeconomies	 ﾠtill	 ﾠ2020	 ﾠand	 ﾠexisting	 ﾠ
transport	 ﾠpolicies	 ﾠin	 ﾠplace,	 ﾠan	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠwill	 ﾠnot	 ﾠincrease	 ﾠ
allowance	 ﾠ prices	 ﾠ and,	 ﾠ hence,	 ﾠ won’t	 ﾠ put	 ﾠ further	 ﾠ burden	 ﾠ on	 ﾠ other	 ﾠ sectors.	 ﾠ Fuel	 ﾠ
providers	 ﾠwill	 ﾠbe	 ﾠincentivized	 ﾠto	 ﾠshift	 ﾠto	 ﾠlow-ﾭ‐carbon	 ﾠfuels,	 ﾠmost	 ﾠlikely	 ﾠlow-ﾭ‐carbon	 ﾠ
biofuels.	 ﾠR&D	 ﾠin	 ﾠthese	 ﾠfuels	 ﾠwill	 ﾠbe	 ﾠfurther	 ﾠpromoted.	 ﾠHigh-ﾭ‐carbon	 ﾠfuels,	 ﾠe.g.	 ﾠfrom	 ﾠ
Canadian	 ﾠtar	 ﾠsands,	 ﾠwill	 ﾠnot	 ﾠbe	 ﾠeconomically	 ﾠviable.	 ﾠA	 ﾠsmall	 ﾠprice	 ﾠincrease	 ﾠin	 ﾠfuels	 ﾠ
will	 ﾠ incentivize	 ﾠ ecodriving	 ﾠ and	 ﾠ consumer’s	 ﾠ purchase	 ﾠ decisions.	 ﾠ Hence,	 ﾠ car	 ﾠ
manufacturers	 ﾠwill	 ﾠhave	 ﾠan	 ﾠadditional	 ﾠincentive	 ﾠto	 ﾠshift	 ﾠproduction	 ﾠto	 ﾠfuel	 ﾠefficient	 ﾠ
cars.	 ﾠ However,	 ﾠ here	 ﾠ the	 ﾠ driving	 ﾠ force	 ﾠ of	 ﾠ the	 ﾠ fuel	 ﾠ efficiency	 ﾠ standard	 ﾠ is	 ﾠ stronger.	 ﾠ
Altogether,	 ﾠfactoring	 ﾠin	 ﾠthe	 ﾠemission	 ﾠreductions	 ﾠof	 ﾠthe	 ﾠ2008/2009	 ﾠrecession,	 ﾠ2020	 ﾠ
targets	 ﾠwill	 ﾠmost	 ﾠlikely	 ﾠbe	 ﾠoverachieved	 ﾠand	 ﾠmore	 ﾠambitious	 ﾠemission	 ﾠreduction	 ﾠ
targets	 ﾠare	 ﾠplausible.	 ﾠ	 ﾠ  75	 ﾠ
Ignoring	 ﾠ challenges	 ﾠ in	 ﾠ the	 ﾠ transport	 ﾠ sector,	 ﾠ and	 ﾠ leaving	 ﾠ regulation	 ﾠ in	 ﾠ its	 ﾠ
current	 ﾠframework	 ﾠis	 ﾠboth	 ﾠenvironmentally	 ﾠharmful	 ﾠand	 ﾠeconomically	 ﾠinefficient.	 ﾠ
Specific	 ﾠregulation	 ﾠmust	 ﾠcorrectly	 ﾠaddress	 ﾠresponsibilities	 ﾠwhile	 ﾠnot	 ﾠconfounding	 ﾠ
separate	 ﾠgoals	 ﾠin	 ﾠone	 ﾠinstruments.	 ﾠIn	 ﾠparticular,	 ﾠfuel	 ﾠefficiency	 ﾠstandards	 ﾠneed	 ﾠto	 ﾠ
address	 ﾠthe	 ﾠresponsibility	 ﾠof	 ﾠcar	 ﾠmanufacturers	 ﾠin	 ﾠterms	 ﾠof	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency	 ﾠ
only,	 ﾠleaving	 ﾠthe	 ﾠregulation	 ﾠof	 ﾠGHG	 ﾠcontent	 ﾠto	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠor	 ﾠtemporarily	 ﾠto	 ﾠlow	 ﾠ
carbon	 ﾠfuels	 ﾠstandards.	 ﾠA	 ﾠcap	 ﾠon	 ﾠemissions	 ﾠfrom	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠis	 ﾠparamount	 ﾠ
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8. Conclusions 
This	 ﾠstudy	 ﾠthoroughly	 ﾠcombined	 ﾠan	 ﾠempirical	 ﾠand	 ﾠsystematic	 ﾠperspective	 ﾠon	 ﾠ
road	 ﾠtransport	 ﾠGHG	 ﾠemission	 ﾠregulation.	 ﾠPart	 ﾠI	 ﾠreviewed	 ﾠexisting	 ﾠpolicy	 ﾠinstruments	 ﾠ
in	 ﾠthe	 ﾠframework	 ﾠof	 ﾠa	 ﾠroad	 ﾠtransport	 ﾠemission	 ﾠdecomposition	 ﾠanalysis	 ﾠthat	 ﾠ
identifies	 ﾠcarbon	 ﾠintensity,	 ﾠenergy	 ﾠintensity	 ﾠand	 ﾠtravel	 ﾠdemand	 ﾠas	 ﾠmajor	 ﾠemission	 ﾠ
drivers.	 ﾠFuel	 ﾠproducers,	 ﾠcar	 ﾠmanufacturers	 ﾠand	 ﾠconsumers	 ﾠare	 ﾠthe	 ﾠactor	 ﾠgroups	 ﾠ
corresponding	 ﾠto	 ﾠthese	 ﾠdrivers,	 ﾠand	 ﾠdirect	 ﾠregulation	 ﾠneeds	 ﾠto	 ﾠset	 ﾠappropriate	 ﾠ
incentives	 ﾠfor	 ﾠthese	 ﾠactors	 ﾠto	 ﾠyield	 ﾠeffective	 ﾠand	 ﾠefficient	 ﾠoutcomes.	 ﾠWith	 ﾠthe	 ﾠrise	 ﾠof	 ﾠ
alternative	 ﾠfuels	 ﾠand	 ﾠvehicles,	 ﾠfuel	 ﾠsupply	 ﾠchains	 ﾠdiversify	 ﾠand	 ﾠemissions	 ﾠtend	 ﾠto	 ﾠ
occur	 ﾠfurther	 ﾠupstream.	 ﾠHence,	 ﾠthe	 ﾠresponsibility	 ﾠof	 ﾠcar	 ﾠmanufacturers	 ﾠshould	 ﾠshift	 ﾠ
to	 ﾠmaximizing	 ﾠtank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency	 ﾠexclusively.	 ﾠIn	 ﾠthe	 ﾠshort-ﾭ‐to-ﾭ‐medium	 ﾠterm	 ﾠ
tank-ﾭ‐to-ﾭ‐wheel	 ﾠefficiency	 ﾠcan	 ﾠbe	 ﾠconverted	 ﾠto	 ﾠequivalents	 ﾠof	 ﾠcurrent	 ﾠmeasures,	 ﾠsuch	 ﾠ
as	 ﾠl/100km.	 ﾠIn	 ﾠthe	 ﾠlong	 ﾠterm,	 ﾠand	 ﾠwith	 ﾠsignificant	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠalternative	 ﾠ
vehicles,	 ﾠfuel	 ﾠefficiency	 ﾠis	 ﾠbest	 ﾠmeasured	 ﾠin	 ﾠenergy	 ﾠmetrics,	 ﾠproviding	 ﾠa	 ﾠneutral	 ﾠ
measure	 ﾠacross	 ﾠall	 ﾠvehicle	 ﾠtechnologies.	 ﾠIn	 ﾠcontrast,	 ﾠwell-ﾭ‐to-ﾭ‐tank	 ﾠ	 ﾠemissions	 ﾠof	 ﾠfuels	 ﾠ
become	 ﾠincreasingly	 ﾠrelevant	 ﾠwith	 ﾠalternative	 ﾠfuels.	 ﾠThe	 ﾠcapability	 ﾠto	 ﾠreduce	 ﾠ
emissions,	 ﾠand	 ﾠhence,	 ﾠresponsibility	 ﾠshifts	 ﾠfrom	 ﾠcar	 ﾠmanufacturers	 ﾠto	 ﾠfuel	 ﾠsuppliers	 ﾠ
–	 ﾠincluding	 ﾠrefineries	 ﾠand	 ﾠutilities	 ﾠ–	 ﾠand	 ﾠthese	 ﾠactors	 ﾠare	 ﾠaccountable	 ﾠfor	 ﾠthe	 ﾠcarbon	 ﾠ
content	 ﾠof	 ﾠtheir	 ﾠrespective	 ﾠfuels.	 ﾠCap	 ﾠand	 ﾠtrade	 ﾠis	 ﾠa	 ﾠflexible	 ﾠand	 ﾠcomprehensive	 ﾠ
solution	 ﾠto	 ﾠregulate	 ﾠall	 ﾠGHG	 ﾠemissions	 ﾠand	 ﾠproviding	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠall	 ﾠ
fuels	 ﾠand	 ﾠtechnologies.	 ﾠ	 ﾠ
As	 ﾠa	 ﾠnecessary	 ﾠcomplement,	 ﾠcarbon	 ﾠcontent	 ﾠof	 ﾠall	 ﾠfuels	 ﾠmust	 ﾠbe	 ﾠ
comprehensively	 ﾠregulated.	 ﾠCurrently,	 ﾠmost	 ﾠfuel	 ﾠproducers	 ﾠare	 ﾠonly	 ﾠsubjected	 ﾠto	 ﾠ
renewable	 ﾠfuel	 ﾠstandards.	 ﾠThese	 ﾠfuel	 ﾠstandards	 ﾠsuffer	 ﾠfrom	 ﾠignoring	 ﾠor	 ﾠinsufficiently	 ﾠ
addressing	 ﾠthe	 ﾠGHG	 ﾠcontent	 ﾠof	 ﾠbiofuels.	 ﾠLow	 ﾠcarbon	 ﾠfuel	 ﾠstandards,	 ﾠas	 ﾠexplored	 ﾠin	 ﾠ
California,	 ﾠremedy	 ﾠthis	 ﾠsituation	 ﾠ–	 ﾠat	 ﾠleast	 ﾠwhen	 ﾠthey	 ﾠaccount	 ﾠfor	 ﾠall	 ﾠlife	 ﾠcycle	 ﾠ
emission.	 ﾠStill	 ﾠthey	 ﾠprovide	 ﾠperverse	 ﾠincentives	 ﾠas	 ﾠintensity-ﾭ‐based	 ﾠstandards	 ﾠand,	 ﾠ
more	 ﾠspecifically,	 ﾠgive	 ﾠcredits	 ﾠto	 ﾠutilities	 ﾠfor	 ﾠBEVs	 ﾠ–	 ﾠmixing	 ﾠup	 ﾠresponsibility	 ﾠof	 ﾠfuel	 ﾠ
producers	 ﾠand	 ﾠcar	 ﾠmanufacturers,	 ﾠand	 ﾠhence,	 ﾠsetting	 ﾠineffective	 ﾠincentives.	 ﾠ
	 ﾠ As	 ﾠstandards	 ﾠand	 ﾠpolicies	 ﾠtarget	 ﾠonly	 ﾠspecific	 ﾠemission	 ﾠdrivers	 ﾠand	 ﾠactor	 ﾠ
groups,	 ﾠthey	 ﾠfail	 ﾠto	 ﾠset	 ﾠharmonized	 ﾠabatement	 ﾠincentives	 ﾠacross	 ﾠall	 ﾠdrivers,	 ﾠactors	 ﾠ
and	 ﾠfuel	 ﾠchains	 ﾠthat	 ﾠare	 ﾠrelevant	 ﾠin	 ﾠroad	 ﾠtransport.	 ﾠRegulators	 ﾠwould	 ﾠrequire	 ﾠperfect	 ﾠ
information	 ﾠon	 ﾠevery	 ﾠaspect	 ﾠof	 ﾠthe	 ﾠtransport	 ﾠsystem	 ﾠto	 ﾠefficiently	 ﾠimplement	 ﾠa	 ﾠset	 ﾠof	 ﾠ
direct	 ﾠregulatory	 ﾠinstruments	 ﾠthat	 ﾠachieves	 ﾠemission	 ﾠreduction	 ﾠtargets	 ﾠat	 ﾠminimum	 ﾠ
costs.	 ﾠBy	 ﾠcontrast,	 ﾠcarbon	 ﾠpricing	 ﾠinstruments	 ﾠsuch	 ﾠas	 ﾠGHG	 ﾠtrading	 ﾠand	 ﾠtaxation	 ﾠ
theoretically	 ﾠincentivize	 ﾠimplementation	 ﾠof	 ﾠall	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠa	 ﾠcost	 ﾠefficient	 ﾠ
manner.	 ﾠCorresponding	 ﾠto	 ﾠthis	 ﾠconcept	 ﾠof	 ﾠeconomic	 ﾠefficiency,	 ﾠcarbon	 ﾠpricing	 ﾠalso	 ﾠ
ensures	 ﾠa	 ﾠlevel	 ﾠcompetitive	 ﾠplaying	 ﾠfield	 ﾠacross	 ﾠfuels	 ﾠand	 ﾠtechnologies.	 ﾠIn	 ﾠreality	 ﾠ
there	 ﾠare	 ﾠoften	 ﾠmarket	 ﾠfailures	 ﾠthat	 ﾠprevent	 ﾠharnessing	 ﾠthe	 ﾠtheoretical	 ﾠabatement	 ﾠ
potentials	 ﾠto	 ﾠtheir	 ﾠoptimal	 ﾠextent.	 ﾠThis	 ﾠis	 ﾠwhere	 ﾠtraditional	 ﾠ-ﾭ‐	 ﾠand	 ﾠpossibly	 ﾠinnovative	 ﾠ  77	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-ﾭ‐	 ﾠdirect	 ﾠregulatory	 ﾠinstruments	 ﾠhave	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠto	 ﾠplay	 ﾠeven	 ﾠin	 ﾠpresence	 ﾠof	 ﾠ
GHG	 ﾠpricing	 ﾠinstruments,	 ﾠand	 ﾠeven	 ﾠif	 ﾠthey	 ﾠmay	 ﾠnot	 ﾠdeliver	 ﾠperfect	 ﾠefficiency	 ﾠand	 ﾠ
effectiveness	 ﾠ(Figure	 ﾠ20).	 ﾠ
Against	 ﾠthis	 ﾠbackground,	 ﾠpart	 ﾠII	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠexamined	 ﾠthe	 ﾠrationale	 ﾠfor	 ﾠ
carbon	 ﾠpricing	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector	 ﾠand	 ﾠreviewed	 ﾠprominent	 ﾠobjections	 ﾠto	 ﾠ
this	 ﾠapproach.	 ﾠNo	 ﾠconcern	 ﾠjustifies	 ﾠnon-ﾭ‐adoption	 ﾠof	 ﾠcarbon	 ﾠpricing.	 ﾠThe	 ﾠempirical	 ﾠ
policy	 ﾠcontext	 ﾠis	 ﾠcharacterized	 ﾠby	 ﾠquantitative	 ﾠemissions	 ﾠtargets	 ﾠ(as	 ﾠdocumented	 ﾠin	 ﾠ
country	 ﾠsubmissions	 ﾠto	 ﾠthe	 ﾠCopenhagen	 ﾠAccord,	 ﾠand	 ﾠthe	 ﾠ2°C	 ﾠobjective	 ﾠendorsed	 ﾠby	 ﾠ
the	 ﾠAccord),	 ﾠand	 ﾠthe	 ﾠpresence	 ﾠor	 ﾠexpectation	 ﾠof	 ﾠemission	 ﾠtrading	 ﾠin	 ﾠother	 ﾠsectors	 ﾠof	 ﾠ
the	 ﾠeconomy.	 ﾠHence,	 ﾠeconomy-ﾭ‐wide	 ﾠcap-ﾭ‐and-ﾭ‐trade	 ﾠis	 ﾠthe	 ﾠmore	 ﾠsuitable	 ﾠthan	 ﾠcarbon	 ﾠ
taxation	 ﾠto	 ﾠensure	 ﾠeconomically	 ﾠefficient	 ﾠattainment	 ﾠof	 ﾠquantitative	 ﾠpolicy	 ﾠ
objectives.	 ﾠAlso,	 ﾠunder	 ﾠuncertainty,	 ﾠtaxes	 ﾠwould	 ﾠrequire	 ﾠpolitically	 ﾠcostly	 ﾠ
adjustments	 ﾠnot	 ﾠonly	 ﾠwithin	 ﾠbut	 ﾠacross	 ﾠsectors	 ﾠto	 ﾠguarantee	 ﾠefficiency.	 ﾠ	 ﾠ
Some	 ﾠobservers	 ﾠhave	 ﾠcautioned	 ﾠthat	 ﾠtransaction	 ﾠcosts	 ﾠcould	 ﾠbe	 ﾠvery	 ﾠhigh,	 ﾠor	 ﾠ
that	 ﾠinclusion	 ﾠof	 ﾠroad	 ﾠtransportation	 ﾠwould	 ﾠlead	 ﾠto	 ﾠcarbon	 ﾠleakage.	 ﾠWith	 ﾠsuitable	 ﾠ
design	 ﾠof	 ﾠroad	 ﾠtransport	 ﾠof	 ﾠemission	 ﾠtrading,	 ﾠin	 ﾠparticular	 ﾠby	 ﾠchoosing	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠ
regulation	 ﾠupstream	 ﾠat	 ﾠrefineries,	 ﾠthe	 ﾠtransaction	 ﾠcosts	 ﾠof	 ﾠemission	 ﾠtrading	 ﾠwill	 ﾠbe	 ﾠ
contained.	 ﾠIn	 ﾠfact	 ﾠeven	 ﾠcarbon	 ﾠtaxation	 ﾠrequires	 ﾠemission	 ﾠmonitoring,	 ﾠreporting	 ﾠand	 ﾠ
verification	 ﾠ(MRV)	 ﾠregimes.	 ﾠCarbon	 ﾠleakage	 ﾠconcerns	 ﾠarise	 ﾠbecause	 ﾠit	 ﾠis	 ﾠfeared	 ﾠthat	 ﾠ
the	 ﾠrelatively	 ﾠsteep	 ﾠabatement	 ﾠcost	 ﾠcurve	 ﾠof	 ﾠroad	 ﾠtransportation	 ﾠwill	 ﾠlead	 ﾠto	 ﾠ
increased	 ﾠallowance	 ﾠprices	 ﾠin	 ﾠan	 ﾠETS,	 ﾠthereby	 ﾠintensifying	 ﾠconcerns	 ﾠover	 ﾠcarbon	 ﾠ
leakage	 ﾠin	 ﾠtrade-ﾭ‐exposed	 ﾠindustries.	 ﾠHowever,	 ﾠapplying	 ﾠfour	 ﾠmarginal	 ﾠabatement	 ﾠ
cost	 ﾠcurves	 ﾠfor	 ﾠEuropean	 ﾠroad	 ﾠtransport	 ﾠthis	 ﾠstudy	 ﾠdemonstrates	 ﾠthat	 ﾠcarbon	 ﾠprices	 ﾠ
would	 ﾠnot	 ﾠincrease	 ﾠif	 ﾠEU	 ﾠroad	 ﾠtransport	 ﾠwere	 ﾠincluded	 ﾠto	 ﾠthe	 ﾠEU	 ﾠETS	 ﾠby	 ﾠ2020.	 ﾠEven	 ﾠ
when	 ﾠincreasing	 ﾠthe	 ﾠeconomy-ﾭ‐wide	 ﾠlevel	 ﾠof	 ﾠeffort	 ﾠto	 ﾠ30%	 ﾠbelow	 ﾠ2005	 ﾠemissions	 ﾠin	 ﾠ
2020,	 ﾠthree	 ﾠout	 ﾠof	 ﾠfour	 ﾠcost	 ﾠcurves	 ﾠindicate	 ﾠconstant	 ﾠcertificate	 ﾠprices.	 ﾠReasons	 ﾠare	 ﾠ
(i)	 ﾠnon-ﾭ‐trivial	 ﾠabatement	 ﾠpotentials	 ﾠin	 ﾠthe	 ﾠroad	 ﾠtransport	 ﾠsector,	 ﾠ(ii)	 ﾠaccess	 ﾠto	 ﾠ
international	 ﾠcredit	 ﾠmarkets	 ﾠadds	 ﾠabatement	 ﾠoptions,	 ﾠand	 ﾠ(iii)	 ﾠthe	 ﾠ2020	 ﾠtransport	 ﾠ
sector	 ﾠabatement	 ﾠtarget	 ﾠenvisaged	 ﾠby	 ﾠEU	 ﾠpolicy	 ﾠmakers	 ﾠ(7%	 ﾠbelow	 ﾠ2005	 ﾠlevels	 ﾠin	 ﾠ
2020)	 ﾠwhich	 ﾠwill	 ﾠprobably	 ﾠachieved	 ﾠeasily	 ﾠwith	 ﾠexisting	 ﾠnon-ﾭ‐price	 ﾠregulation.	 ﾠ
Indeed,	 ﾠfactoring	 ﾠthe	 ﾠGreat	 ﾠRecession	 ﾠinto	 ﾠemission	 ﾠtrajectories,	 ﾠthe	 ﾠ30%	 ﾠreduction	 ﾠ
target	 ﾠwill	 ﾠnot	 ﾠcause	 ﾠhigh	 ﾠcertificate	 ﾠprices	 ﾠand	 ﾠcan	 ﾠbe	 ﾠrecommended	 ﾠto	 ﾠthe	 ﾠEU.	 ﾠ	 ﾠ
Including	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠin	 ﾠthe	 ﾠCalifornian	 ﾠ(Western	 ﾠStates)	 ﾠemission	 ﾠ
trading	 ﾠscheme	 ﾠseems	 ﾠparticularly	 ﾠuseful,	 ﾠas	 ﾠthe	 ﾠdemand	 ﾠside	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠ
dominates	 ﾠGHG	 ﾠemission	 ﾠtrends	 ﾠand	 ﾠexisting	 ﾠnon-ﾭ‐price	 ﾠpolicies	 ﾠare	 ﾠhence	 ﾠ
insufficient	 ﾠto	 ﾠachieve	 ﾠthe	 ﾠreduction	 ﾠtargets	 ﾠset	 ﾠout	 ﾠin	 ﾠAB32.	 ﾠEmission	 ﾠtrading	 ﾠwould	 ﾠ
be	 ﾠthe	 ﾠmost	 ﾠflexible	 ﾠinstrument	 ﾠto	 ﾠattain	 ﾠthe	 ﾠgoal	 ﾠof	 ﾠlimiting	 ﾠ2020	 ﾠemissions	 ﾠto	 ﾠthe	 ﾠ
1990	 ﾠlevel,	 ﾠincentivizing	 ﾠall	 ﾠavailable	 ﾠabatement	 ﾠoptions	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠand	 ﾠ
suitably	 ﾠcomplementing	 ﾠexisting	 ﾠtransport	 ﾠregulation	 ﾠ(i.e.	 ﾠParvley	 ﾠI,	 ﾠLCFS,	 ﾠSB	 ﾠ375).	 ﾠ
In	 ﾠaddition,	 ﾠtranssectoral	 ﾠupstream	 ﾠemission	 ﾠtrading	 ﾠwould	 ﾠallow	 ﾠa	 ﾠlevel	 ﾠplaying	 ﾠ
field	 ﾠacross	 ﾠall	 ﾠfuels,	 ﾠrendering	 ﾠcumbersome	 ﾠend-ﾭ‐of-ﾭ‐pipe	 ﾠcarbon	 ﾠaccounting	 ﾠ
unnecessary.	 ﾠ  78	 ﾠ
The	 ﾠprospect	 ﾠof	 ﾠlinking	 ﾠregional	 ﾠemission	 ﾠtrading	 ﾠsystems	 ﾠas	 ﾠenvisaged	 ﾠby	 ﾠ
the	 ﾠEuropean	 ﾠUnion	 ﾠpromises	 ﾠgradual	 ﾠimprovement	 ﾠof	 ﾠthe	 ﾠpolicy	 ﾠinstrument	 ﾠby	 ﾠ
addressing	 ﾠconcerns	 ﾠover	 ﾠcarbon	 ﾠleakage,	 ﾠcompetitiveness,	 ﾠand	 ﾠefficiency	 ﾠof	 ﾠ
international	 ﾠclimate	 ﾠpolicy.	 ﾠChallenges	 ﾠof	 ﾠinternational	 ﾠpolicy	 ﾠcoordination	 ﾠneed	 ﾠto	 ﾠ
be	 ﾠresolved	 ﾠand	 ﾠdomestic	 ﾠtrading	 ﾠsystems	 ﾠneed	 ﾠto	 ﾠbe	 ﾠimplemented	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠplace	 ﾠ
to	 ﾠmake	 ﾠthis	 ﾠa	 ﾠviable	 ﾠpolicy	 ﾠoption.	 ﾠThis	 ﾠstudy	 ﾠconcludes	 ﾠthat	 ﾠroad	 ﾠtransport	 ﾠfuel	 ﾠ
inclusion	 ﾠto	 ﾠcap-ﾭ‐and-ﾭ‐trade,	 ﾠcomplemented	 ﾠby	 ﾠappropriate	 ﾠregulatory	 ﾠpolicies	 ﾠto	 ﾠ
cure	 ﾠspecific	 ﾠmarket	 ﾠfailures,	 ﾠis	 ﾠthe	 ﾠmost	 ﾠpromising	 ﾠpolicy	 ﾠoption	 ﾠfor	 ﾠfuture	 ﾠclimate	 ﾠ
policy	 ﾠregulation	 ﾠof	 ﾠthe	 ﾠEuropean,	 ﾠCalifornian	 ﾠand	 ﾠUS	 ﾠroad	 ﾠtransport	 ﾠsector.  79	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Glossary 
Additionality:	 ﾠRequires	 ﾠthat	 ﾠcarbon	 ﾠcredit-ﾭ‐generating	 ﾠprojects	 ﾠ(e.g.	 ﾠreforestation)	 ﾠ
be	 ﾠin	 ﾠaddition	 ﾠto	 ﾠsuch	 ﾠprojects	 ﾠthat	 ﾠwould	 ﾠhave	 ﾠhappened	 ﾠwithout	 ﾠthe	 ﾠ
existence	 ﾠof	 ﾠan	 ﾠemissions	 ﾠtrading	 ﾠscheme	 ﾠ	 ﾠ
All	 ﾠElectric	 ﾠRange	 ﾠ(AER):	 ﾠThe	 ﾠmaximum	 ﾠdistance	 ﾠa	 ﾠPlug-ﾭ‐In	 ﾠHybrid	 ﾠElectric	 ﾠVehicle	 ﾠ
can	 ﾠtravel	 ﾠusing	 ﾠonly	 ﾠstored	 ﾠelectricity	 ﾠas	 ﾠthe	 ﾠpower	 ﾠsource	 ﾠ
Alternative	 ﾠfuel	 ﾠvehicles:	 ﾠComprise	 ﾠbattery	 ﾠelectric	 ﾠvehicles	 ﾠ(BEVs),	 ﾠplug-ﾭ‐in	 ﾠhybrid	 ﾠ
vehicles	 ﾠ(PHEVs),	 ﾠhydrogen	 ﾠfuel	 ﾠvehicles	 ﾠand	 ﾠin	 ﾠa	 ﾠbroad	 ﾠsense	 ﾠalso	 ﾠflex-ﾭ‐fuel	 ﾠ
vehicles	 ﾠthat	 ﾠenable	 ﾠdriving	 ﾠon	 ﾠbiofuels	 ﾠ
Anaerobic	 ﾠdigestion:	 ﾠDecomposition	 ﾠof	 ﾠorganic	 ﾠmaterial	 ﾠfacilitated	 ﾠby	 ﾠbacteria	 ﾠ
which	 ﾠproduces	 ﾠmethane,	 ﾠcarbon	 ﾠdioxide	 ﾠand	 ﾠwater,	 ﾠa	 ﾠmixture	 ﾠwhich	 ﾠis	 ﾠ
commonly	 ﾠcalled	 ﾠ“biogas”	 ﾠ
Baseline-ﾭand-ﾭcredit:	 ﾠA	 ﾠtype	 ﾠof	 ﾠemissions	 ﾠtrading	 ﾠscheme	 ﾠwhere	 ﾠregulated	 ﾠentities	 ﾠ
are	 ﾠincentivized	 ﾠto	 ﾠreduce	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠbelow	 ﾠa	 ﾠprojected	 ﾠ
'business	 ﾠas	 ﾠusual’	 ﾠbaseline.	 ﾠAn	 ﾠentity	 ﾠcan	 ﾠgenerate	 ﾠcarbon	 ﾠcredits	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠ
sold	 ﾠby	 ﾠreducing	 ﾠbelow	 ﾠthe	 ﾠbaseline	 ﾠ
Battery	 ﾠElectric	 ﾠVehicle	 ﾠ(BEV):	 ﾠAn	 ﾠalternative	 ﾠfuel	 ﾠvehicle	 ﾠthat	 ﾠis	 ﾠpowered	 ﾠentirely	 ﾠ
by	 ﾠbattery-ﾭ‐stored	 ﾠelectricity	 ﾠ
Bioelectricity:	 ﾠElectricity	 ﾠproduced	 ﾠfrom	 ﾠbiomass	 ﾠfeedstocks;	 ﾠthis	 ﾠhas	 ﾠbeen	 ﾠ
proposed	 ﾠas	 ﾠone	 ﾠway	 ﾠto	 ﾠdecarbonize	 ﾠelectricity	 ﾠgeneration	 ﾠ
Bioenergy:	 ﾠEnergy	 ﾠderived	 ﾠfrom	 ﾠany	 ﾠbiomass	 ﾠ(e.g.	 ﾠbiofuels,	 ﾠbioelectricity,	 ﾠbioheat).	 ﾠ
Biofuels:	 ﾠAny	 ﾠsolid,	 ﾠliquid	 ﾠor	 ﾠgaseous	 ﾠfuel	 ﾠderived	 ﾠfrom	 ﾠbiomass	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠ
combusted	 ﾠin	 ﾠvehicles.	 ﾠ
Biomass:	 ﾠMaterial	 ﾠof	 ﾠorganic	 ﾠorigin,	 ﾠin	 ﾠnon-ﾭ‐fossilized	 ﾠform	 ﾠ(e.g.	 ﾠagricultural	 ﾠcrops,	 ﾠ
forestry	 ﾠwaste	 ﾠor	 ﾠby-ﾭ‐products,	 ﾠmicrobial	 ﾠmatter,	 ﾠhousehold	 ﾠorganic	 ﾠwaste)	 ﾠ  80	 ﾠ
Cap-ﾭand-ﾭTrade:	 ﾠA	 ﾠtype	 ﾠof	 ﾠemissions	 ﾠtrading	 ﾠscheme	 ﾠwhere	 ﾠregulated	 ﾠentities	 ﾠare	 ﾠ
required	 ﾠto	 ﾠemit	 ﾠGHGs	 ﾠunder	 ﾠa	 ﾠspecified	 ﾠemission	 ﾠlevel,	 ﾠor	 ﾠcap;	 ﾠif	 ﾠan	 ﾠentity	 ﾠ
emits	 ﾠunder	 ﾠthe	 ﾠcap,	 ﾠit	 ﾠmade	 ﾠsell	 ﾠexcess	 ﾠcarbon	 ﾠallowances	 ﾠto	 ﾠother	 ﾠfirms;	 ﾠif	 ﾠ
the	 ﾠentity’s	 ﾠemissions	 ﾠexceed	 ﾠthe	 ﾠcap,	 ﾠit	 ﾠmust	 ﾠpurchase	 ﾠallowances	 ﾠfrom	 ﾠ
other	 ﾠfirms	 ﾠin	 ﾠorder	 ﾠto	 ﾠsurrender	 ﾠa	 ﾠproportionate	 ﾠamount	 ﾠof	 ﾠcarbon	 ﾠ
allowances	 ﾠto	 ﾠthe	 ﾠprogram	 ﾠAdministrator	 ﾠ
Carbon	 ﾠcontent:	 ﾠThe	 ﾠamount	 ﾠof	 ﾠcarbon	 ﾠcontained	 ﾠin	 ﾠa	 ﾠunit	 ﾠof	 ﾠa	 ﾠparticular	 ﾠfuel,	 ﾠsuch	 ﾠ
as	 ﾠgasoline	 ﾠor	 ﾠelectricity,	 ﾠusually	 ﾠmeasured	 ﾠin	 ﾠgrams	 ﾠof	 ﾠCO2-ﾭ‐equivalent	 ﾠper	 ﾠ
megajoule	 ﾠ(gCO2e/MJ)	 ﾠ
Carbon	 ﾠleakage:	 ﾠThe	 ﾠpossibility	 ﾠthat	 ﾠunilateral	 ﾠcarbon	 ﾠpricing	 ﾠcould	 ﾠlead	 ﾠtrade-ﾭ‐
exposed,	 ﾠGHG-ﾭ‐intensive	 ﾠindustries	 ﾠto	 ﾠreplace	 ﾠdomestic	 ﾠproduction	 ﾠby	 ﾠ
imports	 ﾠor	 ﾠto	 ﾠrelocate	 ﾠproduction	 ﾠto	 ﾠforeign	 ﾠcountries	 ﾠwith	 ﾠlower	 ﾠor	 ﾠno	 ﾠ
carbon	 ﾠconstraints.	 ﾠ
Clean	 ﾠDevelopment	 ﾠMechanism	 ﾠ(CDM):	 ﾠAn	 ﾠemissions	 ﾠtrading	 ﾠmechanism	 ﾠoutlined	 ﾠ
in	 ﾠthe	 ﾠKyoto	 ﾠProtocol	 ﾠwhich	 ﾠallows	 ﾠAnnex	 ﾠI	 ﾠcountries	 ﾠto	 ﾠpurchase	 ﾠemissions	 ﾠ
credits	 ﾠfrom	 ﾠcarbon	 ﾠsequestration	 ﾠor	 ﾠemissions	 ﾠreduction	 ﾠprojects	 ﾠcarried	 ﾠ
out	 ﾠin	 ﾠnon-ﾭ‐Annex	 ﾠI	 ﾠcountries.	 ﾠ
Corporate	 ﾠAverage	 ﾠFleet	 ﾠEconomy	 ﾠ(CAFE):	 ﾠVehicle	 ﾠfuel	 ﾠeconomy	 ﾠstandards	 ﾠ
propagated	 ﾠby	 ﾠthe	 ﾠUS	 ﾠfederal	 ﾠgovernment;	 ﾠrequires	 ﾠmanufacturers	 ﾠof	 ﾠ
passenger	 ﾠcars	 ﾠand	 ﾠlight	 ﾠtrucks	 ﾠto	 ﾠproduce	 ﾠvehicle	 ﾠfleets	 ﾠwith	 ﾠa	 ﾠmaximum	 ﾠ
average	 ﾠmpg	 ﾠ	 ﾠ
Downstream:	 ﾠUsually	 ﾠa	 ﾠcomparative	 ﾠterm;	 ﾠin	 ﾠa	 ﾠfuel	 ﾠproduction	 ﾠand	 ﾠconsumption	 ﾠ
life	 ﾠcycle	 ﾠpathway,	 ﾠa	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠpathway	 ﾠwhich	 ﾠis	 ﾠcloser	 ﾠto	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠ
fuel’s	 ﾠlife	 ﾠcycle	 ﾠ(e.g.	 ﾠdistribution	 ﾠand	 ﾠconsumption	 ﾠstages)	 ﾠ	 ﾠ
Dynamic	 ﾠefficiency:	 ﾠLong-ﾭ‐term	 ﾠeconomic	 ﾠefficiency,	 ﾠusually	 ﾠtaking	 ﾠinto	 ﾠaccount	 ﾠ
predicted	 ﾠtrends	 ﾠin	 ﾠdemand	 ﾠand	 ﾠsupply	 ﾠ(as	 ﾠcompared	 ﾠto	 ﾠstatic	 ﾠefficiency)	 ﾠ
Electrolysis:	 ﾠA	 ﾠhydrogen	 ﾠproduction	 ﾠmethod	 ﾠin	 ﾠwhich	 ﾠan	 ﾠelectrical	 ﾠcurrent	 ﾠis	 ﾠ
passed	 ﾠthrough	 ﾠwater	 ﾠto	 ﾠsplit	 ﾠH2O	 ﾠinto	 ﾠH2	 ﾠand	 ﾠO2	 ﾠgases	 ﾠ
EUA:	 ﾠEU	 ﾠEmission	 ﾠAllowance.	 ﾠName	 ﾠof	 ﾠallowances	 ﾠin	 ﾠEU	 ﾠETS.	 ﾠ	 ﾠ
European	 ﾠUnion	 ﾠEmissions	 ﾠTrading	 ﾠScheme	 ﾠ(EU	 ﾠETS):	 ﾠThe	 ﾠlargest	 ﾠmultinational	 ﾠ
emissions	 ﾠtrading	 ﾠscheme	 ﾠin	 ﾠthe	 ﾠworld	 ﾠas	 ﾠof	 ﾠ2010	 ﾠthat	 ﾠbegan	 ﾠin	 ﾠ2005.	 ﾠ
Regulated	 ﾠentities	 ﾠare	 ﾠthe	 ﾠfollowing	 ﾠindustrial	 ﾠsectors:	 ﾠiron	 ﾠand	 ﾠsteel;	 ﾠcement,	 ﾠ
glass,	 ﾠand	 ﾠceramics;	 ﾠpulp	 ﾠand	 ﾠpaper;	 ﾠelectric-ﾭ‐power	 ﾠgeneration;	 ﾠand	 ﾠ
refineries.	 ﾠThis	 ﾠaccounts	 ﾠfor	 ﾠapproximately	 ﾠ46%	 ﾠof	 ﾠEU	 ﾠGHG	 ﾠemissions.	 ﾠ
Global	 ﾠWarming	 ﾠPotential	 ﾠ(GWP):	 ﾠThe	 ﾠmeasure	 ﾠof	 ﾠhow	 ﾠmuch	 ﾠa	 ﾠparticular	 ﾠGHG	 ﾠ
molecule	 ﾠwill	 ﾠcontribute	 ﾠto	 ﾠglobal	 ﾠwarming	 ﾠover	 ﾠa	 ﾠgiven	 ﾠperiod	 ﾠof	 ﾠtime	 ﾠonce	 ﾠ
emitted	 ﾠinto	 ﾠthe	 ﾠatmosphere,	 ﾠwhich	 ﾠdepends	 ﾠon	 ﾠits	 ﾠatmospheric	 ﾠlifetime	 ﾠand	 ﾠ  81	 ﾠ
infrared	 ﾠabsorbtion	 ﾠcapacity;	 ﾠmeasured	 ﾠin	 ﾠcarbon	 ﾠdioxide-ﾭ‐equivalents	 ﾠ
(CO2e),	 ﾠwhere	 ﾠthe	 ﾠGWP	 ﾠof	 ﾠCO2	 ﾠis	 ﾠ1	 ﾠ
Grandfathering:	 ﾠA	 ﾠmethod	 ﾠof	 ﾠcalculating	 ﾠinitial	 ﾠcarbon	 ﾠcredit	 ﾠdistribution	 ﾠto	 ﾠ
entities	 ﾠregulated	 ﾠunder	 ﾠan	 ﾠemissions	 ﾠtrading	 ﾠscheme	 ﾠin	 ﾠwhich	 ﾠcredits	 ﾠare	 ﾠ
allocated	 ﾠaccording	 ﾠto	 ﾠeach	 ﾠentity’s	 ﾠhistorical	 ﾠemissions	 ﾠ	 ﾠ	 ﾠ
Greenhouse	 ﾠgas	 ﾠ(GHG):	 ﾠa	 ﾠmolecule	 ﾠthat	 ﾠcontributes	 ﾠto	 ﾠtrapping	 ﾠheat	 ﾠin	 ﾠEarth’s	 ﾠ
atmosphere	 ﾠ(i.e.	 ﾠthe	 ﾠgreenhouse	 ﾠeffect)	 ﾠby	 ﾠabsorbing	 ﾠinfrared	 ﾠradiation	 ﾠ
Intergovernmental	 ﾠPanel	 ﾠon	 ﾠClimate	 ﾠChange	 ﾠ(IPCC):	 ﾠScientific	 ﾠ
intergovernmental	 ﾠbody	 ﾠthat	 ﾠreviews	 ﾠand	 ﾠassesses	 ﾠthe	 ﾠmost	 ﾠrecent	 ﾠscientific,	 ﾠ
technical	 ﾠand	 ﾠsocio-ﾭ‐economic	 ﾠresearch	 ﾠrelated	 ﾠto	 ﾠclimate	 ﾠchange;	 ﾠdoes	 ﾠnot	 ﾠ
conduct	 ﾠresearch	 ﾠbut	 ﾠprepares	 ﾠpolicy-ﾭ‐neutral	 ﾠpapers	 ﾠand	 ﾠreports,	 ﾠincluding	 ﾠ
periodical	 ﾠAssessment	 ﾠReports	 ﾠon	 ﾠthe	 ﾠstate	 ﾠof	 ﾠclimate	 ﾠchange	 ﾠresearch	 ﾠ
Lifecycle	 ﾠAnalysis	 ﾠ(LCA):	 ﾠA	 ﾠmethod	 ﾠof	 ﾠevaluating	 ﾠGHG	 ﾠor	 ﾠother	 ﾠparameter	 ﾠ
performance	 ﾠby	 ﾠassessing	 ﾠthe	 ﾠinputs	 ﾠand	 ﾠoutputs	 ﾠwithin	 ﾠthe	 ﾠproduct	 ﾠsystem	 ﾠ
starting	 ﾠwith	 ﾠresource	 ﾠextraction,	 ﾠtracking	 ﾠthe	 ﾠvarious	 ﾠstages	 ﾠof	 ﾠproduction,	 ﾠ
distribution	 ﾠand	 ﾠuse	 ﾠand	 ﾠending	 ﾠwith	 ﾠthe	 ﾠdisposal	 ﾠof	 ﾠthe	 ﾠproduct	 ﾠ
Low	 ﾠCarbon	 ﾠFuel	 ﾠStandard	 ﾠ(LCFS):	 ﾠA	 ﾠpolicy	 ﾠoption	 ﾠfor	 ﾠreducing	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠ
transportation	 ﾠfuels	 ﾠwhich	 ﾠrequires	 ﾠtransport	 ﾠfuel	 ﾠproducers	 ﾠto	 ﾠlower	 ﾠthe	 ﾠ
average	 ﾠcarbon	 ﾠintensity	 ﾠof	 ﾠtheir	 ﾠproducts	 ﾠto	 ﾠmeet	 ﾠa	 ﾠstandard	 ﾠ(measured	 ﾠin	 ﾠ
gCO2e/MJ)	 ﾠwhich	 ﾠdeclines	 ﾠover	 ﾠtime	 ﾠ
MACC:	 ﾠMarginal	 ﾠabatement	 ﾠcost	 ﾠcurve	 ﾠ
Plug-ﾭin	 ﾠHybrid	 ﾠElectric	 ﾠVehicle	 ﾠ(PHEV):	 ﾠAn	 ﾠalternative	 ﾠfuel	 ﾠvehicle	 ﾠthat	 ﾠis	 ﾠcapable	 ﾠ
of	 ﾠutilizing	 ﾠstored-ﾭ‐battery	 ﾠpower	 ﾠfor	 ﾠthe	 ﾠduration	 ﾠof	 ﾠits	 ﾠAER	 ﾠand	 ﾠgasoline	 ﾠ
when	 ﾠthe	 ﾠbattery	 ﾠcharge	 ﾠis	 ﾠexhausted	 ﾠ
Regulated	 ﾠEntity:	 ﾠIn	 ﾠan	 ﾠemissions	 ﾠtrading	 ﾠscheme,	 ﾠa	 ﾠfirm	 ﾠwhose	 ﾠemissions	 ﾠmeet	 ﾠa	 ﾠ
specified	 ﾠemissions	 ﾠcap	 ﾠor	 ﾠbaseline	 ﾠand	 ﾠwhich	 ﾠis	 ﾠresponsible	 ﾠfor	 ﾠemissions	 ﾠ
credit	 ﾠsurrender	 ﾠto	 ﾠthe	 ﾠscheme’s	 ﾠadministrator	 ﾠ
Renewable	 ﾠFuel	 ﾠStandard	 ﾠ(RFS)	 ﾠ[RFS1,	 ﾠRFS	 ﾠ2]:	 ﾠA	 ﾠpublic	 ﾠpolicy	 ﾠwhich	 ﾠrequires	 ﾠa	 ﾠ
certain	 ﾠproportion	 ﾠof	 ﾠan	 ﾠeconomy’s	 ﾠfuels	 ﾠto	 ﾠcome	 ﾠfrom	 ﾠapproved	 ﾠrenewable	 ﾠ
sources	 ﾠand/or	 ﾠsources	 ﾠalternative	 ﾠto	 ﾠfossil	 ﾠfuels;	 ﾠthe	 ﾠpolicy	 ﾠmay	 ﾠalso	 ﾠ
incentivize	 ﾠgreater	 ﾠproduction	 ﾠof	 ﾠalternative/renewable	 ﾠfuels	 ﾠthrough	 ﾠtax	 ﾠ
incentives,	 ﾠloans	 ﾠand	 ﾠgrants	 ﾠto	 ﾠfuel	 ﾠproducers	 ﾠand	 ﾠconsumers,	 ﾠwhich	 ﾠis	 ﾠthe	 ﾠ
case	 ﾠin	 ﾠthe	 ﾠUS	 ﾠ
Steam	 ﾠMethane	 ﾠReformation	 ﾠ(SMR):	 ﾠThe	 ﾠmost	 ﾠcommon	 ﾠmethod	 ﾠof	 ﾠproducing	 ﾠ
hydrogen	 ﾠfrom	 ﾠfossil	 ﾠfuels	 ﾠin	 ﾠwhich	 ﾠnatural	 ﾠgas	 ﾠor	 ﾠother	 ﾠmethane-ﾭ‐based	 ﾠfuel	 ﾠ
is	 ﾠreacted	 ﾠwith	 ﾠsteam	 ﾠat	 ﾠhigh	 ﾠtemperatures	 ﾠto	 ﾠproduce	 ﾠH2	 ﾠand	 ﾠCO	 ﾠgases	 ﾠ
Tank-ﾭto-ﾭWheel	 ﾠ(TTW):	 ﾠDescribes	 ﾠa	 ﾠportion	 ﾠof	 ﾠa	 ﾠtransportation	 ﾠfuel’s	 ﾠlife	 ﾠcycle,	 ﾠ
including	 ﾠonly	 ﾠthe	 ﾠconsumption	 ﾠof	 ﾠfuel	 ﾠduring	 ﾠvehicle	 ﾠoperation	 ﾠ  82	 ﾠ
Uncertainty	 ﾠLoss	 ﾠAversion	 ﾠBias	 ﾠ(ULAB):	 ﾠa	 ﾠpsychological	 ﾠcharacteristic	 ﾠof	 ﾠ
consumers	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠuncertainty	 ﾠover	 ﾠfuture	 ﾠsavings	 ﾠfrom	 ﾠenergy	 ﾠ
efficiency	 ﾠand	 ﾠthe	 ﾠgreater	 ﾠweight	 ﾠof	 ﾠconsideration	 ﾠgiven	 ﾠto	 ﾠpresent	 ﾠlosses	 ﾠ
results	 ﾠin	 ﾠchoosing	 ﾠsub-ﾭ‐optimal	 ﾠenergy	 ﾠefficiency	 ﾠoptions	 ﾠ
Upstream:	 ﾠUsually	 ﾠa	 ﾠcomparative	 ﾠterm;	 ﾠin	 ﾠa	 ﾠfuel	 ﾠproduction	 ﾠand	 ﾠconsumption	 ﾠlife	 ﾠ
cycle	 ﾠpathway,	 ﾠa	 ﾠpoint	 ﾠin	 ﾠthe	 ﾠpathway	 ﾠwhich	 ﾠis	 ﾠcloser	 ﾠto	 ﾠthe	 ﾠbeginning	 ﾠof	 ﾠthe	 ﾠ
fuel’s	 ﾠlife	 ﾠcycle	 ﾠ(e.g.	 ﾠextraction,	 ﾠproduction	 ﾠand	 ﾠrefining	 ﾠstages)	 ﾠ	 ﾠ
Well-ﾭto-ﾭTank	 ﾠ(WTT):	 ﾠDescribes	 ﾠa	 ﾠportion	 ﾠof	 ﾠa	 ﾠtransportation	 ﾠfuel’s	 ﾠlife	 ﾠcycle	 ﾠwhich	 ﾠ
extends	 ﾠfrom	 ﾠoriginal	 ﾠfeedstock	 ﾠextraction	 ﾠto	 ﾠvehicle	 ﾠfuel	 ﾠtank	 ﾠor	 ﾠbattery	 ﾠ
Well-ﾭto-ﾭWheel	 ﾠ(WTW):	 ﾠDescribes	 ﾠthe	 ﾠentirety	 ﾠof	 ﾠa	 ﾠtransportation	 ﾠfuel’s	 ﾠlife	 ﾠcycle	 ﾠ
(the	 ﾠsum	 ﾠof	 ﾠWell-ﾭ‐to-ﾭ‐Tank	 ﾠand	 ﾠTank-ﾭ‐to-ﾭ‐Wheel)	 ﾠ
Zero	 ﾠEmission	 ﾠVehicle	 ﾠ(ZEV):	 ﾠA	 ﾠvehicle	 ﾠthat	 ﾠemits	 ﾠno	 ﾠtailpipe	 ﾠpollutants,	 ﾠincluding	 ﾠ
particulate	 ﾠmatter,	 ﾠcarbon	 ﾠdioxide,	 ﾠnitrogen	 ﾠoxides,	 ﾠand	 ﾠvolatile	 ﾠorganic	 ﾠ
compounds	 ﾠ(e.g.	 ﾠbicycles,	 ﾠsome	 ﾠelectric	 ﾠvehicles,	 ﾠsome	 ﾠfuel	 ﾠcell	 ﾠvehicles)	 ﾠ
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Annex A: Scenarios for future market shares of 
electric vehicles 
The	 ﾠglobal	 ﾠmarket	 ﾠshare	 ﾠof	 ﾠelectric	 ﾠvehicles	 ﾠ(BEV,	 ﾠPHEV,	 ﾠBEV	 ﾠwith	 ﾠrange	 ﾠextender)	 ﾠ
is	 ﾠunanimously	 ﾠprojected	 ﾠto	 ﾠgrow.	 ﾠHowever,	 ﾠthe	 ﾠextent	 ﾠand	 ﾠpace	 ﾠof	 ﾠgrowth	 ﾠis	 ﾠ
uncertain	 ﾠand	 ﾠdependent	 ﾠon	 ﾠvarious	 ﾠfactors.	 ﾠFigure	 ﾠ3	 ﾠbelow	 ﾠsummarizes	 ﾠthe	 ﾠgrowth	 ﾠ
scenarios	 ﾠof	 ﾠdifferent	 ﾠstudies	 ﾠon	 ﾠthe	 ﾠmatter.	 ﾠProjected	 ﾠmarket	 ﾠshares	 ﾠin	 ﾠthe	 ﾠtotal	 ﾠof	 ﾠ
the	 ﾠvehicle	 ﾠfleet	 ﾠin	 ﾠ2020	 ﾠrange	 ﾠbetween	 ﾠ1%	 ﾠ(Minimal	 ﾠScenario)	 ﾠand	 ﾠ13%	 ﾠ(Optimistic	 ﾠ
Scenario).	 ﾠThe	 ﾠBase	 ﾠScenario	 ﾠestimates	 ﾠa	 ﾠpenetration	 ﾠof	 ﾠ7%	 ﾠby	 ﾠ2020.	 ﾠIn	 ﾠthe	 ﾠlong	 ﾠ
term,	 ﾠthe	 ﾠIEA	 ﾠ(2009b)	 ﾠforecasts	 ﾠa	 ﾠ50%	 ﾠmarket	 ﾠshare	 ﾠin	 ﾠ2050	 ﾠ(BLUE	 ﾠMap	 ﾠscenario).	 ﾠ
The	 ﾠquestion	 ﾠis	 ﾠnot	 ﾠso	 ﾠmuch	 ﾠwhether	 ﾠthe	 ﾠelectrification	 ﾠof	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠwill	 ﾠ
take	 ﾠplace	 ﾠbut	 ﾠrather	 ﾠat	 ﾠwhat	 ﾠpace.	 ﾠThe	 ﾠnear-ﾭ‐term	 ﾠeconomic	 ﾠpotential	 ﾠof	 ﾠelectric	 ﾠ
vehicles	 ﾠis	 ﾠdependent	 ﾠon	 ﾠvarious	 ﾠuncertain	 ﾠfactors	 ﾠincluding	 ﾠenergy	 ﾠprices	 ﾠ(oil,	 ﾠ
electricity),	 ﾠbattery	 ﾠtechnology	 ﾠand	 ﾠcost,	 ﾠeconomies	 ﾠof	 ﾠscale,	 ﾠrecharging	 ﾠ
infrastructure,	 ﾠregulatory	 ﾠrequirements	 ﾠand	 ﾠfiscal	 ﾠincentives.	 ﾠA	 ﾠmodel-ﾭ‐based	 ﾠstudy	 ﾠ
of	 ﾠthe	 ﾠGerman	 ﾠAerospace	 ﾠCentre	 ﾠ(Mock	 ﾠet	 ﾠal.	 ﾠ2009)	 ﾠinvestigates	 ﾠdifferent	 ﾠscenarios	 ﾠ
of	 ﾠfuture	 ﾠmarket	 ﾠprospects.	 ﾠAssuming	 ﾠa	 ﾠmoderately	 ﾠincreasing	 ﾠcrude	 ﾠoil	 ﾠprice,	 ﾠ
electricity	 ﾠand	 ﾠhydrogen	 ﾠfrom	 ﾠfossil	 ﾠenergy	 ﾠsources	 ﾠas	 ﾠwell	 ﾠas	 ﾠan	 ﾠaverage	 ﾠCO2	 ﾠtarget	 ﾠ
value	 ﾠof	 ﾠ113	 ﾠg/km	 ﾠfor	 ﾠthe	 ﾠGerman	 ﾠnew	 ﾠvehicle	 ﾠfleet	 ﾠin	 ﾠ2030,	 ﾠelectric	 ﾠvehicles	 ﾠ(BEV	 ﾠ
with	 ﾠand	 ﾠwithout	 ﾠrange	 ﾠextender)	 ﾠcould	 ﾠachieve	 ﾠmarket	 ﾠshares	 ﾠof	 ﾠapprox.	 ﾠ40%	 ﾠon	 ﾠ
the	 ﾠGerman	 ﾠnew	 ﾠpassenger	 ﾠcar	 ﾠmarket	 ﾠby	 ﾠ2030.	 ﾠUnder	 ﾠdifferent	 ﾠconstraints,	 ﾠwith	 ﾠa	 ﾠ
stricter	 ﾠCO2	 ﾠtarget	 ﾠvalue	 ﾠof	 ﾠ75	 ﾠg/km	 ﾠand	 ﾠhigher	 ﾠpenalty	 ﾠfines	 ﾠas	 ﾠwell	 ﾠas	 ﾠelectricity	 ﾠ
and	 ﾠhydrogen	 ﾠbeing	 ﾠproduced	 ﾠfrom	 ﾠrenewable	 ﾠsources,	 ﾠelectric	 ﾠvehicles	 ﾠcould	 ﾠ
achieve	 ﾠmarket	 ﾠshares	 ﾠas	 ﾠhigh	 ﾠas	 ﾠ95%,	 ﾠincluding	 ﾠa	 ﾠ35%	 ﾠproportion	 ﾠof	 ﾠfuel	 ﾠcell	 ﾠ
hybrid	 ﾠelectric	 ﾠvehicles.	 ﾠ  95	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Figure A. 1: Scenarios for market shares of electric vehicles (Sources: BCG 2009, MCK, Dt. 
Bank, Bain, R. Berger, PA Consulting) 
	 ﾠ
Boston	 ﾠConsulting	 ﾠGroup,	 ﾠa	 ﾠconsulting	 ﾠfirm,	 ﾠestimates	 ﾠthe	 ﾠmarket	 ﾠpenetration	 ﾠof	 ﾠ
different	 ﾠvehicle	 ﾠtechnologies	 ﾠin	 ﾠ2020	 ﾠ(BCG	 ﾠ2009).	 ﾠIn	 ﾠtheir	 ﾠmedium	 ﾠgrowth	 ﾠscenario	 ﾠ
(Scenario	 ﾠ2	 ﾠin	 ﾠFigure	 ﾠ3)	 ﾠelectric	 ﾠvehicles	 ﾠ(BEV,	 ﾠPHEV,	 ﾠBEV	 ﾠwith	 ﾠrange	 ﾠextender)	 ﾠwill	 ﾠ
account	 ﾠfor	 ﾠ26%	 ﾠof	 ﾠglobal	 ﾠnew-ﾭ‐car	 ﾠsales	 ﾠin	 ﾠ2020.	 ﾠIn	 ﾠtheir	 ﾠview,	 ﾠthis	 ﾠis	 ﾠthe	 ﾠmost	 ﾠlikely	 ﾠ
scenario.	 ﾠHowever,	 ﾠunder	 ﾠall	 ﾠscenarios	 ﾠand	 ﾠin	 ﾠall	 ﾠworld	 ﾠregions,	 ﾠthe	 ﾠinternal	 ﾠ
combustion	 ﾠengine	 ﾠwill	 ﾠcontinue	 ﾠto	 ﾠdominate	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠnew	 ﾠpassenger	 ﾠcars	 ﾠ
until	 ﾠ2020.	 ﾠ
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Annex B.1. Lifecycle Analysis of Alternative Fuel 
Options 
	 ﾠ
The	 ﾠregulation	 ﾠof	 ﾠgreenhouse	 ﾠgas	 ﾠemissions	 ﾠin	 ﾠtransport	 ﾠrequires	 ﾠknowledge	 ﾠ
about	 ﾠlife-ﾭ‐cycle	 ﾠemissions	 ﾠof	 ﾠenergy	 ﾠsystems,	 ﾠor	 ﾠat	 ﾠleast	 ﾠa	 ﾠdetailed	 ﾠinventory	 ﾠof	 ﾠ
upstream	 ﾠemissions	 ﾠsources	 ﾠthat	 ﾠmust	 ﾠbe	 ﾠconsidered	 ﾠin	 ﾠthe	 ﾠdesign	 ﾠof	 ﾠany	 ﾠpolicy	 ﾠ
measure.	 ﾠThis	 ﾠprerequisite	 ﾠknowledge	 ﾠis	 ﾠessential	 ﾠregardless	 ﾠof	 ﾠthe	 ﾠprecise	 ﾠnature	 ﾠ
of	 ﾠthe	 ﾠpolicy	 ﾠinstrument.	 ﾠIn	 ﾠfact,	 ﾠboth	 ﾠa	 ﾠlow-ﾭ‐carbon	 ﾠfuel	 ﾠstandard	 ﾠand	 ﾠemission	 ﾠ
trading	 ﾠof	 ﾠfuel	 ﾠemissions	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠfunctional	 ﾠwith	 ﾠa	 ﾠcomplete	 ﾠunderstanding	 ﾠof	 ﾠall	 ﾠ
sources	 ﾠand	 ﾠintensities	 ﾠof	 ﾠGHG	 ﾠoutput.	 ﾠHence,	 ﾠwe	 ﾠstart	 ﾠthis	 ﾠreport	 ﾠwith	 ﾠa	 ﾠreview	 ﾠof	 ﾠ
existing	 ﾠstudies	 ﾠon	 ﾠcarbon	 ﾠlife-ﾭ‐cycle	 ﾠanalysis	 ﾠof	 ﾠa	 ﾠvariety	 ﾠof	 ﾠfuels:	 ﾠconventional	 ﾠfuels	 ﾠ
(gasoline	 ﾠand	 ﾠdiesel),	 ﾠbiofuels,	 ﾠelectricity,	 ﾠhydrogen	 ﾠand	 ﾠnatural	 ﾠgas.	 ﾠAs	 ﾠthe	 ﾠ
evaluation	 ﾠof	 ﾠbiofuel	 ﾠemission	 ﾠappears	 ﾠto	 ﾠbe	 ﾠmost	 ﾠcontested	 ﾠand	 ﾠmost	 ﾠdifficult,	 ﾠ




Figure A-1: Bioenergy from crops (adapted from Gerben-Leenes et al (2009). 
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 ﾠ There	 ﾠare	 ﾠthree	 ﾠmajor	 ﾠforms	 ﾠof	 ﾠbiofuels	 ﾠsuitable	 ﾠfor	 ﾠthe	 ﾠapplication	 ﾠas	 ﾠ
transport	 ﾠfuels	 ﾠ	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008):	 ﾠ
•  Bioethanol	 ﾠis	 ﾠa	 ﾠsubstitute	 ﾠfor	 ﾠgasoline.	 ﾠIn	 ﾠthe	 ﾠEU	 ﾠsugar-ﾭ‐beet,	 ﾠfeed-ﾭ‐wheat,	 ﾠ
barley	 ﾠand	 ﾠcorn	 ﾠ(maize)	 ﾠare	 ﾠthe	 ﾠmajor	 ﾠbioethanol	 ﾠfeedstocks.	 ﾠIn	 ﾠthe	 ﾠUS	 ﾠcorn	 ﾠ
(maize)	 ﾠis	 ﾠthe	 ﾠmajor	 ﾠfeedstock.	 ﾠBioethanol	 ﾠfrom	 ﾠsuch	 ﾠfood	 ﾠand	 ﾠfeed	 ﾠcrops	 ﾠare	 ﾠ
commonly	 ﾠreferred	 ﾠto	 ﾠas	 ﾠ1st	 ﾠgeneration	 ﾠbiofuels.	 ﾠMore	 ﾠrecently	 ﾠnew	 ﾠ
processes	 ﾠproduce	 ﾠbioethanol	 ﾠfrom	 ﾠlingocellulosic	 ﾠbiomass.	 ﾠHowever,	 ﾠthese	 ﾠ
2nd	 ﾠgeneration	 ﾠproduction	 ﾠprocesses	 ﾠare	 ﾠnot	 ﾠyet	 ﾠcost	 ﾠcompetitive.	 ﾠThere	 ﾠare	 ﾠ
other	 ﾠprocesses	 ﾠthat	 ﾠmay	 ﾠproduce	 ﾠ3rd	 ﾠgeneration	 ﾠbiofuels	 ﾠin	 ﾠthe	 ﾠfuture	 ﾠfrom	 ﾠ
algae.	 ﾠWe	 ﾠwill	 ﾠnot	 ﾠdiscuss	 ﾠ3rd	 ﾠgeneration	 ﾠbiofuels	 ﾠfurther	 ﾠhere	 ﾠdue	 ﾠto	 ﾠtheir	 ﾠ
relatively	 ﾠpremature	 ﾠstate	 ﾠof	 ﾠdevelopment.	 ﾠBlends	 ﾠof	 ﾠconventional	 ﾠfuels	 ﾠ
comprised	 ﾠof	 ﾠ10-ﾭ‐15%	 ﾠbioethanol	 ﾠrequire	 ﾠsmall	 ﾠengine	 ﾠmodifications	 ﾠand	 ﾠ
derogation	 ﾠof	 ﾠhydrocarbon	 ﾠemission	 ﾠlimits.	 ﾠFuel	 ﾠblends	 ﾠwith	 ﾠgreater	 ﾠthan	 ﾠ
80%	 ﾠethanol	 ﾠrequire	 ﾠadapted	 ﾠengines	 ﾠbut	 ﾠcan	 ﾠachieve	 ﾠgreater	 ﾠengine	 ﾠ
efficiency.	 ﾠ	 ﾠ
•  Biodiesel	 ﾠis	 ﾠprimarily	 ﾠderived	 ﾠfrom	 ﾠrapeseed,	 ﾠmaking	 ﾠit	 ﾠa	 ﾠ1st	 ﾠgeneration	 ﾠ
biofuel.	 ﾠLimits	 ﾠto	 ﾠbiodiesel	 ﾠproduction	 ﾠin	 ﾠEurope	 ﾠare	 ﾠmainly	 ﾠimposed	 ﾠby	 ﾠcrop	 ﾠ
rotation.	 ﾠThere	 ﾠare	 ﾠmarket	 ﾠconstaints	 ﾠfor	 ﾠthe	 ﾠglycerin	 ﾠby-ﾭ‐product	 ﾠof	 ﾠbiodiesel	 ﾠ
production.	 ﾠFinding	 ﾠsuch	 ﾠa	 ﾠmarket	 ﾠcould	 ﾠimprove	 ﾠthe	 ﾠprocess'	 ﾠGHG	 ﾠbalance.	 ﾠ
Biodiesel	 ﾠhas	 ﾠthe	 ﾠadvantage	 ﾠover	 ﾠbioethanol	 ﾠthat	 ﾠthe	 ﾠEU	 ﾠis	 ﾠincreasingly	 ﾠshort	 ﾠ
of	 ﾠdiesel.	 ﾠThere	 ﾠare	 ﾠno	 ﾠengine	 ﾠmodifications	 ﾠrequired	 ﾠfor	 ﾠbiodiesel	 ﾠeven	 ﾠ
though	 ﾠcar	 ﾠmanufacturers	 ﾠdo	 ﾠnot	 ﾠapprove	 ﾠthe	 ﾠdirect	 ﾠuse	 ﾠof	 ﾠpure	 ﾠvegetable	 ﾠoil.	 ﾠ
•  Compressed	 ﾠbiogas	 ﾠcan	 ﾠbe	 ﾠderived	 ﾠfrom	 ﾠslurry	 ﾠand	 ﾠorganic	 ﾠwaste	 ﾠthrough	 ﾠ
anaerobic	 ﾠdigestion.	 ﾠPurified	 ﾠand	 ﾠcompressed	 ﾠit	 ﾠcan	 ﾠbe	 ﾠused	 ﾠas	 ﾠcar	 ﾠfuel.	 ﾠ
However,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠlimited	 ﾠavailability	 ﾠof	 ﾠbio-ﾭ‐methane	 ﾠfeedstocks,	 ﾠ
compressed	 ﾠbiogas	 ﾠcan	 ﾠbe	 ﾠused	 ﾠmore	 ﾠcost	 ﾠefficiently	 ﾠand	 ﾠenvironmentally	 ﾠ
effective	 ﾠto	 ﾠgenerate	 ﾠelectricity	 ﾠand	 ﾠheat.	 ﾠ
	 ﾠ The	 ﾠterm	 ﾠ'carbon-ﾭ‐neutral'	 ﾠas	 ﾠused	 ﾠhere	 ﾠdescribes	 ﾠprocesses,	 ﾠproducts	 ﾠor	 ﾠ
systems	 ﾠwhich	 ﾠhave	 ﾠno	 ﾠnet	 ﾠeffect	 ﾠon	 ﾠatmospheric	 ﾠGHGs	 ﾠthroughout	 ﾠtheir	 ﾠlifecycle	 ﾠ
(see	 ﾠFigure	 ﾠA-ﾭ‐2).	 ﾠCarbon	 ﾠpositive	 ﾠbioenergy	 ﾠsystems	 ﾠcontribute	 ﾠa	 ﾠnet	 ﾠincrease	 ﾠin	 ﾠ
atmospheric	 ﾠGHG	 ﾠemissions	 ﾠacross	 ﾠtheir	 ﾠlife	 ﾠcycle	 ﾠthrough	 ﾠa	 ﾠnet	 ﾠrelease	 ﾠof	 ﾠGHGs	 ﾠ
during	 ﾠcrop	 ﾠcultivation	 ﾠ(land-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠemissions)	 ﾠor	 ﾠthe	 ﾠrelease	 ﾠof	 ﾠfossil	 ﾠ
fuel-ﾭ‐related	 ﾠCO2	 ﾠemissions	 ﾠduring	 ﾠproduction	 ﾠprocesses.	 ﾠCarbon	 ﾠnegative	 ﾠbioenery	 ﾠ
systems	 ﾠremove	 ﾠmore	 ﾠGHG	 ﾠemissions	 ﾠfrom	 ﾠthe	 ﾠatmosphere	 ﾠthan	 ﾠreleased	 ﾠ
throughout	 ﾠtheir	 ﾠlife	 ﾠcycle	 ﾠvia	 ﾠphotosynthesis	 ﾠ(Tilman	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠ
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 ﾠ Biofuels	 ﾠhave	 ﾠattracted	 ﾠmuch	 ﾠattention	 ﾠover	 ﾠthe	 ﾠpast	 ﾠfew	 ﾠdecades	 ﾠ(see	 ﾠBox	 ﾠA-ﾭ‐
1).	 ﾠThey	 ﾠare	 ﾠcontroversially	 ﾠdiscussed	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠcosts	 ﾠand	 ﾠsecurity	 ﾠof	 ﾠenergy	 ﾠ
supplies,	 ﾠthe	 ﾠdecarbonsation	 ﾠof	 ﾠeconomies,	 ﾠglobal	 ﾠfood	 ﾠsecurity,	 ﾠbiodiversity	 ﾠas	 ﾠwell	 ﾠ
as	 ﾠa	 ﾠform	 ﾠof	 ﾠnew	 ﾠrevenue	 ﾠfor	 ﾠfarmers.	 ﾠShould	 ﾠemissions	 ﾠtrading	 ﾠextend	 ﾠinto	 ﾠthe	 ﾠ
transport	 ﾠsector,	 ﾠbiofuels	 ﾠcould	 ﾠprovide	 ﾠone	 ﾠmeans	 ﾠof	 ﾠreducing	 ﾠtransport	 ﾠemissions	 ﾠ
through	 ﾠthe	 ﾠdecarbonisation	 ﾠof	 ﾠtransportation	 ﾠfuels	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ	 ﾠ
	 ﾠ The	 ﾠtwo	 ﾠmajor	 ﾠbiofuel-ﾭ‐producing	 ﾠcountries	 ﾠare	 ﾠthe	 ﾠUS	 ﾠand	 ﾠBrazil:	 ﾠ46%	 ﾠof	 ﾠ
global	 ﾠproduction	 ﾠoccurs	 ﾠin	 ﾠthe	 ﾠU.S.,	 ﾠ42%	 ﾠin	 ﾠBrazil,	 ﾠ4%	 ﾠin	 ﾠEurope	 ﾠand	 ﾠ8%	 ﾠin	 ﾠthe	 ﾠrest	 ﾠ
of	 ﾠthe	 ﾠworld	 ﾠ(World	 ﾠBank	 ﾠ2008).	 ﾠIn	 ﾠthe	 ﾠUS,	 ﾠtwo	 ﾠcurrent	 ﾠpolicies	 ﾠpush	 ﾠfor	 ﾠbiofuels.	 ﾠA	 ﾠ
$0.51	 ﾠtax	 ﾠcredit	 ﾠper	 ﾠgallon	 ﾠof	 ﾠethanol	 ﾠused	 ﾠas	 ﾠmotor	 ﾠfuel	 ﾠand	 ﾠa	 ﾠmandate	 ﾠfor	 ﾠup	 ﾠto	 ﾠ7.5	 ﾠ
billion	 ﾠgallons	 ﾠ(5-ﾭ‐6%	 ﾠof	 ﾠtotal	 ﾠUS	 ﾠfuel	 ﾠdemand)	 ﾠof	 ﾠ“renewable	 ﾠfuel”	 ﾠavailable	 ﾠat	 ﾠUS	 ﾠ
gasoline	 ﾠstations	 ﾠby	 ﾠ2012.	 ﾠThe	 ﾠEU	 ﾠdrives	 ﾠglobal	 ﾠbiofuel	 ﾠproduction	 ﾠwith	 ﾠits	 ﾠaim	 ﾠto	 ﾠ
have	 ﾠ10%	 ﾠof	 ﾠenergy	 ﾠuse	 ﾠin	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠcome	 ﾠfrom	 ﾠbiofuels	 ﾠby	 ﾠ2020.	 ﾠThis	 ﾠis	 ﾠ
a	 ﾠconsiderable	 ﾠexpansion	 ﾠof	 ﾠthe	 ﾠbiofuel	 ﾠsector	 ﾠwithin	 ﾠa	 ﾠrelatively	 ﾠshort	 ﾠtime	 ﾠframe.	 ﾠ
In	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠimportant	 ﾠquestions	 ﾠto	 ﾠanswer	 ﾠinclude:	 ﾠCan	 ﾠbiofuels	 ﾠ
contribute	 ﾠto	 ﾠGHG	 ﾠemissions	 ﾠreductions?	 ﾠWhat	 ﾠare	 ﾠother	 ﾠdetrimental	 ﾠenvironmental	 ﾠ
and	 ﾠsocial	 ﾠimpacts	 ﾠof	 ﾠlarge-ﾭ‐scale	 ﾠbiofuel	 ﾠproduction?	 ﾠAre	 ﾠbiofuels	 ﾠan	 ﾠefficient	 ﾠway	 ﾠof	 ﾠ  99	 ﾠ
utilizing	 ﾠbiomass	 ﾠcompared	 ﾠto	 ﾠalternative	 ﾠuses	 ﾠin	 ﾠother	 ﾠbioenergy	 ﾠsystems?	 ﾠWhat	 ﾠis	 ﾠ
the	 ﾠrelationship	 ﾠbetween	 ﾠa	 ﾠbiofuel	 ﾠproduction	 ﾠtarget	 ﾠas	 ﾠestablished	 ﾠby	 ﾠthe	 ﾠEU	 ﾠand	 ﾠ
the	 ﾠexpansion	 ﾠof	 ﾠemission	 ﾠtrading	 ﾠinto	 ﾠthe	 ﾠtransport	 ﾠsector	 ﾠgiven	 ﾠthe	 ﾠstate	 ﾠand	 ﾠ
availability	 ﾠof	 ﾠdifferent	 ﾠbiofuel	 ﾠproduction	 ﾠtechnologies?	 ﾠ
 
Biofuels	 ﾠcan	 ﾠbe	 ﾠsolid,	 ﾠliquid	 ﾠor	 ﾠgaseous	 ﾠand	 ﾠare	 ﾠobtained	 ﾠfrom	 ﾠrecently	 ﾠ
lifeless	 ﾠor	 ﾠliving	 ﾠbiological	 ﾠmaterial.	 ﾠIn	 ﾠthis	 ﾠsense	 ﾠthey	 ﾠare	 ﾠdifferent	 ﾠfrom	 ﾠfossil	 ﾠ
fuels,	 ﾠwhere	 ﾠthe	 ﾠconstituting	 ﾠbiological	 ﾠmaterial	 ﾠhas	 ﾠbeen	 ﾠdead	 ﾠfor	 ﾠmillion	 ﾠof	 ﾠ
years.	 ﾠIn	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠtransportation	 ﾠwe	 ﾠare	 ﾠmainly	 ﾠconcerned	 ﾠwith	 ﾠthe	 ﾠ
distinction	 ﾠof	 ﾠbio-ﾭ‐ethanol	 ﾠsystems	 ﾠand	 ﾠconventional	 ﾠpetroleum-ﾭ‐based	 ﾠsystems.	 ﾠ	 ﾠ
First	 ﾠgeneration	 ﾠbiofuels	 ﾠuse	 ﾠconventional	 ﾠagricultural	 ﾠcrops	 ﾠor	 ﾠanimal	 ﾠ
fats	 ﾠas	 ﾠfeedstock.	 ﾠThey	 ﾠare	 ﾠproduced	 ﾠby	 ﾠfermentation	 ﾠand	 ﾠdistillation	 ﾠof	 ﾠsugar	 ﾠ
and	 ﾠstarch.	 ﾠAs	 ﾠthe	 ﾠcrop	 ﾠcultivation	 ﾠis	 ﾠdedicated	 ﾠto	 ﾠbiofuel	 ﾠproduction,	 ﾠfirst	 ﾠ
generation	 ﾠfuels	 ﾠhave	 ﾠbeen	 ﾠcontroversially	 ﾠdiscussed	 ﾠin	 ﾠterms	 ﾠof	 ﾠglobal	 ﾠfood	 ﾠ
security,	 ﾠbecause	 ﾠthey	 ﾠcompete	 ﾠwith	 ﾠalternative	 ﾠuses	 ﾠof	 ﾠland	 ﾠand	 ﾠcrops	 ﾠfor	 ﾠ
human	 ﾠand	 ﾠanimal	 ﾠconsumption.	 ﾠMoreover,	 ﾠthe	 ﾠadditional	 ﾠland	 ﾠrequirements	 ﾠ
can	 ﾠlead	 ﾠto	 ﾠsubstantial	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠCO2	 ﾠemissions.	 ﾠ
Second	 ﾠgeneration	 ﾠbiofuels	 ﾠare	 ﾠderived	 ﾠfrom	 ﾠnon-ﾭ‐food	 ﾠcrops	 ﾠor	 ﾠcrop	 ﾠand	 ﾠ
wood	 ﾠresidues.	 ﾠThey	 ﾠinclude	 ﾠcellulosic	 ﾠbioethanol	 ﾠas	 ﾠwell	 ﾠas	 ﾠbiomass-ﾭ‐to-ﾭ‐liquid	 ﾠ
(BTL)	 ﾠfuels.	 ﾠCellulosic	 ﾠbioethanol	 ﾠis	 ﾠobtained	 ﾠby	 ﾠusing	 ﾠenzymes	 ﾠto	 ﾠbreak	 ﾠdown	 ﾠ
lignocellulose	 ﾠ-ﾭ‐	 ﾠa	 ﾠstructural	 ﾠmaterial	 ﾠthat	 ﾠmakes	 ﾠup	 ﾠmost	 ﾠof	 ﾠa	 ﾠplant’s	 ﾠbiomass	 ﾠ-ﾭ‐	 ﾠ
into	 ﾠsimple	 ﾠsugars,	 ﾠwhich	 ﾠcan	 ﾠthen	 ﾠbe	 ﾠconverted	 ﾠto	 ﾠethanol.	 ﾠBTL	 ﾠfuels	 ﾠare	 ﾠ
produced	 ﾠfrom	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠbiomass	 ﾠby	 ﾠgasification	 ﾠor	 ﾠputrefaction.	 ﾠ
Almost	 ﾠany	 ﾠform	 ﾠof	 ﾠbiomass	 ﾠcan	 ﾠbe	 ﾠused	 ﾠfor	 ﾠthis	 ﾠpurpose	 ﾠand	 ﾠfeedstocks	 ﾠare	 ﾠ
considered	 ﾠabundant.	 ﾠTo	 ﾠthe	 ﾠextent	 ﾠwaste	 ﾠand	 ﾠforests	 ﾠresidues	 ﾠare	 ﾠused	 ﾠas	 ﾠ
feedstocks	 ﾠsecond	 ﾠgeneration	 ﾠbiofuels	 ﾠdo	 ﾠnot	 ﾠcompete	 ﾠwith	 ﾠfood	 ﾠproduction	 ﾠ
and	 ﾠare	 ﾠnot	 ﾠassociated	 ﾠwith	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions.	 ﾠSecond	 ﾠ
generation	 ﾠbiofuels	 ﾠare	 ﾠstill	 ﾠin	 ﾠtheir	 ﾠdevelopment	 ﾠstage.	 ﾠIf	 ﾠgrown	 ﾠspecifically	 ﾠ
for	 ﾠfuel	 ﾠproduction,	 ﾠsecond	 ﾠgeneration	 ﾠbiofuels	 ﾠcan	 ﾠalso	 ﾠcause	 ﾠland-ﾭ‐use	 ﾠrelated	 ﾠ
emissions.	 ﾠ	 ﾠ
Third	 ﾠgeneration	 ﾠbiofuels	 ﾠis	 ﾠbiofuel	 ﾠfrom	 ﾠalgae.	 ﾠTheir	 ﾠmajor	 ﾠappeal	 ﾠis	 ﾠ
that	 ﾠalgae	 ﾠare	 ﾠlow	 ﾠinput,	 ﾠhigh-ﾭ‐yield	 ﾠfeedstocks	 ﾠproducing	 ﾠ30	 ﾠtimes	 ﾠmore	 ﾠ
energy	 ﾠper	 ﾠacre	 ﾠland	 ﾠthan	 ﾠland	 ﾠcrops.	 ﾠAlgae	 ﾠtechnology	 ﾠis	 ﾠstill	 ﾠunder	 ﾠ
development	 ﾠand	 ﾠrelatively	 ﾠexpensive	 ﾠat	 ﾠthe	 ﾠmoment	 ﾠdue	 ﾠto	 ﾠproblems	 ﾠin	 ﾠ
extracting	 ﾠoil	 ﾠout	 ﾠof	 ﾠthe	 ﾠalgae.	 ﾠ
Box A-1 - What are biofuels?  
	 ﾠ	 ﾠ
	 ﾠ There	 ﾠappears	 ﾠto	 ﾠbe	 ﾠwidespread	 ﾠbelief	 ﾠthat	 ﾠbiofuels	 ﾠare	 ﾠnecessarily	 ﾠ“no-ﾭ‐”	 ﾠor	 ﾠ
“low-ﾭ‐carbon”.	 ﾠThis	 ﾠis	 ﾠrooted	 ﾠin	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthe	 ﾠCO2	 ﾠreleased	 ﾠin	 ﾠthe	 ﾠcombustion	 ﾠ
process	 ﾠof	 ﾠany	 ﾠbiomass	 ﾠis	 ﾠequal	 ﾠto	 ﾠthe	 ﾠCO2	 ﾠcaptured	 ﾠby	 ﾠa	 ﾠplant	 ﾠduring	 ﾠits	 ﾠgrowth.	 ﾠIn	 ﾠ
this	 ﾠsense	 ﾠbiofuels	 ﾠhave	 ﾠa	 ﾠnearly	 ﾠclosed	 ﾠcarbon	 ﾠcycle:	 ﾠatmospheric	 ﾠCO2	 ﾠis	 ﾠconverted	 ﾠ
into	 ﾠa	 ﾠhydrocarbon	 ﾠchain	 ﾠvia	 ﾠphotosynthesis	 ﾠand	 ﾠis	 ﾠreleased	 ﾠagain	 ﾠduring	 ﾠthe	 ﾠ
combustion	 ﾠof	 ﾠthe	 ﾠfuel.	 ﾠWhen	 ﾠa	 ﾠGHG	 ﾠbalance	 ﾠis	 ﾠestablished	 ﾠbiofuels	 ﾠtherefore	 ﾠ
typically	 ﾠreceive	 ﾠa	 ﾠcarbon	 ﾠuptake	 ﾠcredit	 ﾠto	 ﾠaccount	 ﾠfor	 ﾠthis	 ﾠfixing	 ﾠof	 ﾠatmospheric	 ﾠ
carbon.	 ﾠSuch	 ﾠa	 ﾠcredit	 ﾠis	 ﾠnot	 ﾠgiven	 ﾠto	 ﾠpetroleum-ﾭ‐based	 ﾠfuels,	 ﾠbecause	 ﾠtheir	 ﾠburning	 ﾠ
releases	 ﾠcarbon	 ﾠthat	 ﾠhas	 ﾠbeen	 ﾠlocked	 ﾠmillions	 ﾠof	 ﾠyears	 ﾠago	 ﾠ(Cherubini	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠ
Inderwildi	 ﾠand	 ﾠKing	 ﾠ2009).	 ﾠ	 ﾠ  100	 ﾠ
	 ﾠ However,	 ﾠthere	 ﾠare	 ﾠadditional	 ﾠGHG	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠvarious	 ﾠproduction	 ﾠ
stages	 ﾠover	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels.	 ﾠFor	 ﾠexample,	 ﾠCO2	 ﾠis	 ﾠemitted	 ﾠduring	 ﾠthe	 ﾠ
cultivation	 ﾠand	 ﾠharvest	 ﾠof	 ﾠthe	 ﾠfeedstocks,	 ﾠthe	 ﾠsuccessive	 ﾠprocessing,	 ﾠrefining	 ﾠand	 ﾠ
handling	 ﾠor	 ﾠthe	 ﾠvarious	 ﾠtransportation	 ﾠrequirements	 ﾠthroughout	 ﾠthe	 ﾠproduction	 ﾠ
stages.	 ﾠMoreover,	 ﾠland-ﾭ‐use	 ﾠchanges	 ﾠassociated	 ﾠwith	 ﾠgrowing	 ﾠthe	 ﾠfeedstock	 ﾠmight	 ﾠ
change	 ﾠthe	 ﾠcarbon	 ﾠstored	 ﾠabove	 ﾠor	 ﾠbelow	 ﾠground.	 ﾠFor	 ﾠthese	 ﾠreasons	 ﾠtoday’s	 ﾠbiofuels	 ﾠ
are	 ﾠusually	 ﾠnot	 ﾠcarbon	 ﾠneutral,	 ﾠbut	 ﾠcarbon	 ﾠpositive.	 ﾠMost	 ﾠof	 ﾠthe	 ﾠrecent	 ﾠdiscussion	 ﾠon	 ﾠ
this	 ﾠissue	 ﾠhas	 ﾠfocused	 ﾠon	 ﾠthe	 ﾠquestion	 ﾠof	 ﾠhow	 ﾠbiofuels	 ﾠperform	 ﾠrelative	 ﾠto	 ﾠfossil	 ﾠfuels	 ﾠ
in	 ﾠterms	 ﾠof	 ﾠtheir	 ﾠenvironmental	 ﾠimpacts,	 ﾠin	 ﾠgeneral,	 ﾠand	 ﾠGHG	 ﾠemissions,	 ﾠin	 ﾠ
particular,	 ﾠacross	 ﾠall	 ﾠthe	 ﾠvarious	 ﾠstages	 ﾠof	 ﾠtheir	 ﾠlife	 ﾠcycle.	 ﾠHowever,	 ﾠthere	 ﾠare	 ﾠ
emerging	 ﾠbiofuel	 ﾠ(and	 ﾠother)	 ﾠtechnologies,	 ﾠwhich	 ﾠraise	 ﾠthe	 ﾠhope	 ﾠthat	 ﾠnext	 ﾠ
generation	 ﾠbiofuels	 ﾠmight	 ﾠnot	 ﾠonly	 ﾠbe	 ﾠcarbon	 ﾠneutral,	 ﾠbut	 ﾠcarbon	 ﾠnegative	 ﾠ(Tilman	 ﾠ
et	 ﾠal.	 ﾠ2006,	 ﾠMathews	 ﾠ2008)	 ﾠthrough	 ﾠincreased	 ﾠsoil	 ﾠcarbon	 ﾠstorage.	 ﾠSimilarly	 ﾠthere	 ﾠ
are	 ﾠhopes	 ﾠthat	 ﾠcarbon	 ﾠnegative	 ﾠbioelectricity	 ﾠproduction	 ﾠcan	 ﾠbe	 ﾠachieved	 ﾠthrough	 ﾠ
carbon	 ﾠcapture	 ﾠand	 ﾠstorage	 ﾠtechnologies	 ﾠin	 ﾠstationary	 ﾠcombustion	 ﾠprocesses	 ﾠsuch	 ﾠas	 ﾠ
electricity	 ﾠproduction.	 ﾠ
 
On	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels	 ﾠ
  Life	 ﾠcycle	 ﾠassessment	 ﾠis	 ﾠa	 ﾠmethod	 ﾠsuitable	 ﾠfor	 ﾠevaluating	 ﾠthe	 ﾠGHG	 ﾠ
performance	 ﾠof	 ﾠproduct	 ﾠsystems	 ﾠsuch	 ﾠas	 ﾠbiofuels	 ﾠfrom	 ﾠthe	 ﾠcradle	 ﾠto	 ﾠthe	 ﾠgrave.	 ﾠIt	 ﾠis	 ﾠ
carried	 ﾠout	 ﾠby	 ﾠassessing	 ﾠthe	 ﾠinputs	 ﾠand	 ﾠoutputs	 ﾠwithin	 ﾠthe	 ﾠproduct	 ﾠsystem	 ﾠstarting	 ﾠ
with	 ﾠresource	 ﾠextraction,	 ﾠtracking	 ﾠthe	 ﾠvarious	 ﾠstages	 ﾠof	 ﾠproduction,	 ﾠdistribution	 ﾠand	 ﾠ
use	 ﾠand	 ﾠending	 ﾠwith	 ﾠthe	 ﾠdisposal	 ﾠof	 ﾠthe	 ﾠproduct.	 ﾠ
	 ﾠ Over	 ﾠthe	 ﾠpast	 ﾠtwo	 ﾠdecades	 ﾠthere	 ﾠhave	 ﾠbeen	 ﾠdozens	 ﾠof	 ﾠstudies	 ﾠon	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠ
GHG	 ﾠemissions	 ﾠof	 ﾠbiofuels	 ﾠ(reviews	 ﾠprovided	 ﾠin:	 ﾠQuirin	 ﾠet	 ﾠal.	 ﾠ2004,	 ﾠNiven	 ﾠ2005,	 ﾠ
Farrell	 ﾠet	 ﾠal.	 ﾠ2006,	 ﾠvon	 ﾠBlottnitz	 ﾠand	 ﾠCurran	 ﾠ2007).13	 ﾠThe	 ﾠearlier	 ﾠliterature	 ﾠsuggests	 ﾠ
that	 ﾠbiofuel	 ﾠsystems	 ﾠshow	 ﾠmoderate	 ﾠto	 ﾠstrong	 ﾠfossil	 ﾠfuel	 ﾠsubstitution	 ﾠpotential	 ﾠand	 ﾠ
GHG	 ﾠsavings	 ﾠwhen	 ﾠcompared	 ﾠwith	 ﾠconventional	 ﾠpetroleum-ﾭ‐based	 ﾠfuels.	 ﾠThese	 ﾠ
parameters	 ﾠvary	 ﾠfor	 ﾠdifferent	 ﾠbiofuel	 ﾠsystems	 ﾠbased	 ﾠon	 ﾠdifferences	 ﾠin	 ﾠgrowing	 ﾠ
methods,	 ﾠclimate,	 ﾠfeedstock	 ﾠcharacteristics,	 ﾠetc.	 ﾠTropical	 ﾠsugar	 ﾠcrops	 ﾠare	 ﾠ
consistently	 ﾠshown	 ﾠto	 ﾠbe	 ﾠthe	 ﾠmost	 ﾠproductive	 ﾠfeedstocks.	 ﾠSecond	 ﾠgeneration	 ﾠ
biofuels	 ﾠfrom	 ﾠlignocelluloses	 ﾠare	 ﾠusually	 ﾠsuggested	 ﾠto	 ﾠbe	 ﾠthe	 ﾠmost	 ﾠabundant	 ﾠand	 ﾠ
potentially	 ﾠmost	 ﾠsustainable	 ﾠfeedstocks	 ﾠ(von	 ﾠBlottnitz	 ﾠand	 ﾠCurran	 ﾠ2007).	 ﾠA	 ﾠfew	 ﾠ
studies	 ﾠfind	 ﾠGHG	 ﾠperformance	 ﾠis	 ﾠworse	 ﾠfor	 ﾠbiofuels	 ﾠthan	 ﾠfor	 ﾠfossil	 ﾠfuel	 ﾠsystems	 ﾠ
(Patzek	 ﾠ2004,	 ﾠPatzek	 ﾠand	 ﾠPimentel	 ﾠ2005).	 ﾠ	 ﾠ
	 ﾠ As	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠA-ﾭ‐3,	 ﾠGHG	 ﾠemission	 ﾠsavings	 ﾠestimated	 ﾠfor	 ﾠa	 ﾠparticular	 ﾠ
feedstock	 ﾠcan	 ﾠvary	 ﾠconsiderably	 ﾠacross	 ﾠstudies.	 ﾠSome	 ﾠvariation	 ﾠis	 ﾠdue	 ﾠto	 ﾠmodel	 ﾠ
assumptions	 ﾠregarding	 ﾠthe	 ﾠsystem	 ﾠboundaries,	 ﾠthe	 ﾠway	 ﾠco-ﾭ‐products	 ﾠare	 ﾠaccounted	 ﾠ
for	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠdifferences	 ﾠin	 ﾠinput	 ﾠparameters	 ﾠand	 ﾠsecondary	 ﾠdata	 ﾠsources	 ﾠused	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
13	 ﾠNote	 ﾠthat	 ﾠmost	 ﾠof	 ﾠthe	 ﾠliterature	 ﾠis	 ﾠon	 ﾠbioethanol	 ﾠsystems.	 ﾠFor	 ﾠsimplicity	 ﾠwe	 ﾠwill	 ﾠrefer	 ﾠhere	 ﾠonly	 ﾠ
generally	 ﾠto	 ﾠbiofuels.	 ﾠFor	 ﾠthe	 ﾠpolicy	 ﾠimplications	 ﾠwe	 ﾠwill	 ﾠdistinguish	 ﾠbioethanol	 ﾠand	 ﾠbiodiesel	 ﾠsystems	 ﾠ
when	 ﾠnecessary.	 ﾠ  101	 ﾠ
(Farrell	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠThis	 ﾠis	 ﾠa	 ﾠcommon	 ﾠand	 ﾠwell-ﾭ‐reported	 ﾠproblem	 ﾠin	 ﾠthe	 ﾠlife-ﾭ‐cycle	 ﾠ
assessment	 ﾠliterature	 ﾠ(Lenzen	 ﾠ2001,	 ﾠSuh	 ﾠet	 ﾠal.	 ﾠ2004,	 ﾠMinx	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ	 ﾠ
	 ﾠ Further	 ﾠvariations	 ﾠin	 ﾠestimates	 ﾠare	 ﾠexplained	 ﾠby	 ﾠdifferences	 ﾠin	 ﾠlocal	 ﾠ
conditions	 ﾠ(Bjoernsson	 ﾠ2009),	 ﾠthe	 ﾠtechnology	 ﾠapplied	 ﾠ(Perrin	 ﾠet	 ﾠal.	 ﾠ2009)	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
agricultural	 ﾠmanagement	 ﾠpractices	 ﾠindicating	 ﾠthat	 ﾠthere	 ﾠmight	 ﾠbe	 ﾠconsiderable	 ﾠ
potential	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠGHG	 ﾠperformance	 ﾠof	 ﾠbiofuels,	 ﾠfor	 ﾠexample,	 ﾠthrough	 ﾠan	 ﾠ
adequate	 ﾠincentive	 ﾠas	 ﾠwell	 ﾠas	 ﾠmonitoring	 ﾠsystem	 ﾠ(Farrell	 ﾠet	 ﾠal.	 ﾠ2006).	 ﾠWe	 ﾠwill	 ﾠ
further	 ﾠdiscuss	 ﾠthis	 ﾠissue	 ﾠin	 ﾠthe	 ﾠcontext	 ﾠof	 ﾠan	 ﾠemission	 ﾠtrading	 ﾠsystem	 ﾠin	 ﾠlater	 ﾠ
sections.	 ﾠHowever,	 ﾠmore	 ﾠrecently	 ﾠtwo	 ﾠmajor	 ﾠdrawbacks	 ﾠassociated	 ﾠwith	 ﾠmost	 ﾠ
studies	 ﾠof	 ﾠthe	 ﾠlife-ﾭ‐cycle	 ﾠGHG	 ﾠemissions	 ﾠfrom	 ﾠbiofuels	 ﾠhave	 ﾠbeen	 ﾠhighlighted:	 ﾠ
1.  CO2	 ﾠemissions	 ﾠfrom	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠare	 ﾠusually	 ﾠneglected	 ﾠand	 ﾠadd	 ﾠ
considerable	 ﾠuncertainties	 ﾠover	 ﾠthe	 ﾠnet	 ﾠGHG	 ﾠbenefits	 ﾠof	 ﾠbiofuels.	 ﾠ
2.  Nitrous	 ﾠoxide	 ﾠemission	 ﾠare	 ﾠestimated	 ﾠin	 ﾠa	 ﾠrather	 ﾠsimplistic	 ﾠfashion	 ﾠin	 ﾠ
most	 ﾠstudies	 ﾠand	 ﾠhave	 ﾠhigh	 ﾠuncertainties,	 ﾠwhich	 ﾠcan	 ﾠhave	 ﾠstrong	 ﾠnegative	 ﾠ
effects	 ﾠon	 ﾠthe	 ﾠGHG	 ﾠemission	 ﾠbalance	 ﾠof	 ﾠbiofuels.	 ﾠ
 
 
Figure A-3: Avoided GHG emissions for different bio-ethanol systems (adapted from von 
Blottnitz and Curran 2007). The error bars show the ranges in estimates across studies. 
Note that these figures do not take into account land-use change related emissions and the 
large emissions variations associated with N2O releases in bio-ethanol systems. Therefore, 
they cannot be used to show the overall GHG benefits of biofuels compared to conventional 
petroleum-based fuel systems. 
 
The	 ﾠresults	 ﾠfrom	 ﾠdifferent	 ﾠLCA	 ﾠstudies	 ﾠof	 ﾠbiofuels	 ﾠsummarized	 ﾠin	 ﾠFigure	 ﾠA-ﾭ‐3	 ﾠ
suffer	 ﾠfrom	 ﾠthese	 ﾠdrawbacks	 ﾠand	 ﾠcannot	 ﾠbe	 ﾠreadily	 ﾠused	 ﾠto	 ﾠshow	 ﾠthe	 ﾠoverall	 ﾠGHG	 ﾠ
emission	 ﾠbenefits	 ﾠassociated	 ﾠwith	 ﾠsubstituting	 ﾠbiofuels	 ﾠfor	 ﾠconventional	 ﾠpetroleum-ﾭ‐  102	 ﾠ
based	 ﾠfuels.	 ﾠTo	 ﾠwhat	 ﾠextent	 ﾠthe	 ﾠGHG	 ﾠbalance	 ﾠof	 ﾠbiofuels	 ﾠ(compared	 ﾠto	 ﾠconventional	 ﾠ
petroleum	 ﾠbased	 ﾠfuels)	 ﾠmight	 ﾠbe	 ﾠaffected	 ﾠwill	 ﾠbe	 ﾠdiscussed	 ﾠin	 ﾠthe	 ﾠnext	 ﾠsection.	 ﾠ
	 ﾠ
Uncertainties	 ﾠin	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels	 ﾠ
	 ﾠ This	 ﾠsection	 ﾠreviews	 ﾠmajor	 ﾠsources	 ﾠof	 ﾠuncertainty	 ﾠwhen	 ﾠestimating	 ﾠGHG	 ﾠ
emissions	 ﾠacross	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels,	 ﾠwhich	 ﾠhave	 ﾠbeen	 ﾠheavily	 ﾠdiscussed	 ﾠin	 ﾠ
more	 ﾠrecent	 ﾠliterature	 ﾠ(Crutzen	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠEdwards	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠFargione	 ﾠet	 ﾠal.	 ﾠ
2008,	 ﾠSearchinger	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠCherubini	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠGnansounou	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠ
Searchinger	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠTilman	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ	 ﾠThe	 ﾠfirst	 ﾠpart	 ﾠfocuses	 ﾠon	 ﾠthe	 ﾠestimation	 ﾠ
of	 ﾠnitrous	 ﾠoxide	 ﾠemissions	 ﾠin	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels.	 ﾠThe	 ﾠsecond	 ﾠpart	 ﾠaddresses	 ﾠ
land	 ﾠuse-ﾭ‐change-ﾭ‐related	 ﾠemissions.	 ﾠ
Nitrous	 ﾠoxide	 ﾠreleases	 ﾠ
	 ﾠ Nitrous	 ﾠoxides	 ﾠ(N2O)	 ﾠreleased	 ﾠfrom	 ﾠsoil	 ﾠare	 ﾠthe	 ﾠmost	 ﾠsignificant	 ﾠGHG	 ﾠ
emissions	 ﾠassociated	 ﾠwith	 ﾠfarming.	 ﾠN2O	 ﾠhas	 ﾠa	 ﾠglobal	 ﾠwarming	 ﾠpotential	 ﾠ300	 ﾠtimes	 ﾠ
higher	 ﾠthan	 ﾠthat	 ﾠof	 ﾠcarbon	 ﾠdioxide	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠA	 ﾠrecent	 ﾠstudy	 ﾠutilized	 ﾠ
simple	 ﾠtop-ﾭ‐down	 ﾠcalculations	 ﾠto	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠIPCC	 ﾠdefault	 ﾠemission	 ﾠfactors,	 ﾠwhich	 ﾠ
are	 ﾠusually	 ﾠapplied	 ﾠin	 ﾠlife	 ﾠcycle	 ﾠanalyses	 ﾠof	 ﾠbiofuels,	 ﾠunderestimate	 ﾠnitrous	 ﾠoxide	 ﾠ
emissions	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠ3	 ﾠto	 ﾠ5	 ﾠ(Crutzen	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠThe	 ﾠauthors	 ﾠcontinue	 ﾠto	 ﾠargue	 ﾠ
that	 ﾠbased	 ﾠon	 ﾠthis	 ﾠresult	 ﾠa	 ﾠmore	 ﾠadequate	 ﾠaccounting	 ﾠfor	 ﾠN2O	 ﾠemissions	 ﾠalone	 ﾠwould	 ﾠ
be	 ﾠsufficient	 ﾠto	 ﾠnegate	 ﾠany	 ﾠGHG	 ﾠsavings	 ﾠassociated	 ﾠwith	 ﾠmost	 ﾠbiofuels.	 ﾠ
	 ﾠ While	 ﾠacknowledging	 ﾠthe	 ﾠhigh	 ﾠdegree	 ﾠof	 ﾠuncertainty	 ﾠassociated	 ﾠwith	 ﾠnitrous	 ﾠ
oxide	 ﾠemission	 ﾠestimates	 ﾠin	 ﾠlife	 ﾠcycle	 ﾠassessments	 ﾠof	 ﾠbiofuels,	 ﾠEdwards	 ﾠet	 ﾠal.	 ﾠ(2008)	 ﾠ
question	 ﾠthe	 ﾠgeneral	 ﾠvalidity	 ﾠof	 ﾠCrutzen	 ﾠet	 ﾠal.’s	 ﾠ(2008)	 ﾠsimple	 ﾠtop-ﾭ‐down	 ﾠestimate.	 ﾠ
Using	 ﾠa	 ﾠdetailed,	 ﾠsite-ﾭ‐specific	 ﾠbottom-ﾭ‐up	 ﾠsoils	 ﾠchemistry	 ﾠmodel	 ﾠthey	 ﾠfind	 ﾠthat	 ﾠ
emission	 ﾠfactors	 ﾠfor	 ﾠthe	 ﾠEU-ﾭ‐15	 ﾠwere	 ﾠsignificantly	 ﾠhigher	 ﾠthan	 ﾠthe	 ﾠIPCC	 ﾠdefaults,	 ﾠbut	 ﾠ
much	 ﾠless	 ﾠthan	 ﾠsuggested	 ﾠby	 ﾠCrutzen	 ﾠet	 ﾠal.	 ﾠ(2008).	 ﾠHowever,	 ﾠthey	 ﾠshow	 ﾠthat	 ﾠnitrous	 ﾠ
oxide	 ﾠemissions	 ﾠfrom	 ﾠfarmed	 ﾠsoils	 ﾠcan	 ﾠvary	 ﾠby	 ﾠa	 ﾠfactor	 ﾠof	 ﾠ100	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠsite-ﾭ‐
specific	 ﾠconditions	 ﾠ(specifically	 ﾠthe	 ﾠsoil	 ﾠorganic	 ﾠcontent	 ﾠof	 ﾠthe	 ﾠsoil).	 ﾠHence,	 ﾠfor	 ﾠsome	 ﾠ
sites	 ﾠCrutzen	 ﾠet	 ﾠal.’s	 ﾠ(2008)	 ﾠfinding	 ﾠof	 ﾠthe	 ﾠnegating	 ﾠinfluence	 ﾠof	 ﾠN2O	 ﾠemissions	 ﾠon	 ﾠthe	 ﾠ
overall	 ﾠGHG	 ﾠbalance	 ﾠof	 ﾠbiofuels	 ﾠcould	 ﾠbe	 ﾠaccurate	 ﾠeven	 ﾠthough	 ﾠfor	 ﾠthe	 ﾠmajority	 ﾠof	 ﾠ
the	 ﾠagricultural	 ﾠland	 ﾠin	 ﾠEurope	 ﾠthis	 ﾠwould	 ﾠnot	 ﾠthe	 ﾠcase	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).14	 ﾠ
	 ﾠ	 ﾠ However,	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠdetailed	 ﾠsite-ﾭ‐specific	 ﾠinformation	 ﾠin	 ﾠmost	 ﾠareas	 ﾠ
outside	 ﾠEurope	 ﾠthe	 ﾠlarge	 ﾠuncertainties	 ﾠassociated	 ﾠwith	 ﾠN2O	 ﾠemissions	 ﾠremain.	 ﾠIn	 ﾠ
fact,	 ﾠthese	 ﾠuncertainty	 ﾠranges	 ﾠare	 ﾠlarger	 ﾠthan	 ﾠa	 ﾠfactor	 ﾠ9	 ﾠonly	 ﾠfor	 ﾠnational	 ﾠaverages.	 ﾠ
Therefore,	 ﾠgiven	 ﾠthe	 ﾠvery	 ﾠlimited	 ﾠland	 ﾠavailable	 ﾠfor	 ﾠadditional	 ﾠbiofuel	 ﾠand	 ﾠfood	 ﾠ
production	 ﾠin	 ﾠEurope,	 ﾠEdwards	 ﾠet	 ﾠal.	 ﾠconclude	 ﾠthat	 ﾠonce	 ﾠpotential	 ﾠdisplacement	 ﾠ
effects	 ﾠwith	 ﾠbiofuel	 ﾠproduction	 ﾠin	 ﾠthe	 ﾠagricultural	 ﾠsector	 ﾠoutside	 ﾠEurope	 ﾠare	 ﾠtaken	 ﾠ
into	 ﾠaccount,	 ﾠit	 ﾠis	 ﾠimpossible	 ﾠto	 ﾠsay	 ﾠwhether	 ﾠbiofuels	 ﾠsave	 ﾠGHG	 ﾠemissions	 ﾠor	 ﾠnot	 ﾠ
(2008).	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
14	 ﾠIn	 ﾠfact,	 ﾠthis	 ﾠsuggests	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠincentivising	 ﾠshifts	 ﾠaway	 ﾠfrom	 ﾠintensive	 ﾠfarming	 ﾠon	 ﾠsoils	 ﾠ
with	 ﾠhigher	 ﾠorganic	 ﾠcontent.	 ﾠThis	 ﾠissue	 ﾠwill	 ﾠbe	 ﾠbriefly	 ﾠdiscussed	 ﾠelsewhere.	 ﾠ  103	 ﾠ
Land	 ﾠuse	 ﾠchange	 ﾠ
	 ﾠ A	 ﾠsimilar	 ﾠargument	 ﾠcan	 ﾠbe	 ﾠmade	 ﾠfor	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠ
associated	 ﾠwith	 ﾠbiofuels.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠ
has	 ﾠsparked	 ﾠthe	 ﾠgreatest	 ﾠcontroversy	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠso	 ﾠfar.	 ﾠWhile	 ﾠland	 ﾠuse	 ﾠchange	 ﾠ
related	 ﾠemissions	 ﾠare	 ﾠeither	 ﾠnot	 ﾠor	 ﾠonly	 ﾠpartially	 ﾠcovered	 ﾠin	 ﾠmost	 ﾠstudies	 ﾠon	 ﾠbiofuels	 ﾠ
released	 ﾠso	 ﾠfar,	 ﾠthe	 ﾠliterature	 ﾠshows	 ﾠthat	 ﾠthey	 ﾠcan	 ﾠradically	 ﾠchange	 ﾠthe	 ﾠassessment	 ﾠof	 ﾠ
the	 ﾠGHG	 ﾠbenefits	 ﾠprovided	 ﾠby	 ﾠa	 ﾠbiofuel	 ﾠsystem	 ﾠ(Fargione	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠSearchinger	 ﾠet	 ﾠ
al.	 ﾠ2008,	 ﾠGnansounou	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠKim	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠLiska	 ﾠand	 ﾠPerrin	 ﾠ2009,	 ﾠ
Searchinger	 ﾠet	 ﾠal.	 ﾠ2009,	 ﾠTilman	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ
	 ﾠ We	 ﾠdistinguish	 ﾠin	 ﾠthis	 ﾠdiscussion	 ﾠbetween	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠ
related	 ﾠemissions.	 ﾠDirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠ
diversion	 ﾠof	 ﾠa	 ﾠparticular	 ﾠplot	 ﾠof	 ﾠland	 ﾠto	 ﾠthe	 ﾠgrowing	 ﾠof	 ﾠbiofuel	 ﾠcrops.	 ﾠThis	 ﾠcould,	 ﾠfor	 ﾠ
example,	 ﾠbe	 ﾠset-ﾭ‐aside	 ﾠland	 ﾠor	 ﾠland	 ﾠpreviously	 ﾠused	 ﾠfor	 ﾠother	 ﾠagricultural	 ﾠpurposes.	 ﾠ
Depending	 ﾠon	 ﾠthe	 ﾠprevious	 ﾠuse	 ﾠor	 ﾠnon-ﾭ‐use	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠwill	 ﾠ
differ.	 ﾠA	 ﾠnew	 ﾠland	 ﾠuse	 ﾠmanagement	 ﾠregime	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠswitch	 ﾠto	 ﾠbiofuel	 ﾠ
feedstock	 ﾠproduction	 ﾠcould	 ﾠalso	 ﾠlead	 ﾠto	 ﾠa	 ﾠcarbon	 ﾠuptake	 ﾠof	 ﾠsoils	 ﾠand	 ﾠimprove	 ﾠthe	 ﾠ
GHG	 ﾠbalance	 ﾠof	 ﾠbiofuels.	 ﾠ
	 ﾠ Indirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠare	 ﾠassociated	 ﾠwith	 ﾠindirect	 ﾠ
effects	 ﾠof	 ﾠdiverting	 ﾠa	 ﾠparcel	 ﾠof	 ﾠland	 ﾠto	 ﾠbiofuel	 ﾠproduction	 ﾠand	 ﾠoccur	 ﾠin	 ﾠsituations	 ﾠ
where	 ﾠbiofuels	 ﾠcompete	 ﾠwith	 ﾠother	 ﾠagricultural	 ﾠland	 ﾠuses.	 ﾠFor	 ﾠexample,	 ﾠif	 ﾠan	 ﾠ
agricultural	 ﾠland-ﾭ‐use	 ﾠin	 ﾠEurope	 ﾠis	 ﾠchanged	 ﾠto	 ﾠbiofuel	 ﾠproduction	 ﾠwithout	 ﾠincreasing	 ﾠ
the	 ﾠtotal	 ﾠamount	 ﾠof	 ﾠagricultural	 ﾠland,	 ﾠthe	 ﾠdeclined	 ﾠEuropean	 ﾠagricultural	 ﾠoutput	 ﾠis	 ﾠ
likely	 ﾠto	 ﾠbe	 ﾠmet	 ﾠelsewhere	 ﾠin	 ﾠthe	 ﾠworld.	 ﾠFor	 ﾠthis	 ﾠpurpose	 ﾠadditional	 ﾠland	 ﾠwill	 ﾠbe	 ﾠ
diverted	 ﾠto	 ﾠagricultural	 ﾠuses,	 ﾠwhich	 ﾠwill	 ﾠusually	 ﾠtrigger	 ﾠadditional	 ﾠland	 ﾠuse	 ﾠchange	 ﾠ
related	 ﾠemissions.	 ﾠ	 ﾠ
	 ﾠ Complexities	 ﾠin	 ﾠthe	 ﾠaccounting	 ﾠfor	 ﾠdirect	 ﾠand	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠ
emissions	 ﾠarise	 ﾠfrom	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠthey	 ﾠare	 ﾠvery	 ﾠdependent	 ﾠon	 ﾠsite-ﾭ‐specific	 ﾠ
conditions	 ﾠand	 ﾠland	 ﾠuse	 ﾠmanagement	 ﾠpractices.	 ﾠMoreover,	 ﾠthey	 ﾠare	 ﾠvery	 ﾠhard	 ﾠto	 ﾠ
measure.	 ﾠ	 ﾠThe	 ﾠuse	 ﾠof	 ﾠgeneric	 ﾠIntergovernmental	 ﾠPanel	 ﾠon	 ﾠClimate	 ﾠChange	 ﾠ(IPCC)	 ﾠ
emission	 ﾠfactors	 ﾠ–	 ﾠas	 ﾠconventionally	 ﾠdone	 ﾠin	 ﾠbiofuel	 ﾠLCAs	 ﾠ-ﾭ‐	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠlarge	 ﾠ
uncertainties,	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠcase	 ﾠdiscussed	 ﾠabove	 ﾠassociated	 ﾠwith	 ﾠnitrous	 ﾠoxide	 ﾠ
emissions.	 ﾠBased	 ﾠon	 ﾠthese	 ﾠgeneric	 ﾠIPCC	 ﾠfactors	 ﾠ(see	 ﾠBox	 ﾠA-ﾭ‐2)	 ﾠthe	 ﾠgrowing	 ﾠliterature	 ﾠ
on	 ﾠdirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠnet	 ﾠGHG	 ﾠemissions	 ﾠ
still	 ﾠremains	 ﾠfavorable	 ﾠfor	 ﾠmost	 ﾠbiofuel	 ﾠfeedstocks	 ﾠcomparable	 ﾠto	 ﾠconventional	 ﾠ
petroleum	 ﾠbased	 ﾠfuels	 ﾠas	 ﾠlong	 ﾠas	 ﾠhigh	 ﾠimpact	 ﾠland	 ﾠuse	 ﾠconversions	 ﾠ(e.g.	 ﾠtropical	 ﾠpeat	 ﾠ
lands	 ﾠor	 ﾠtropical	 ﾠrain	 ﾠforest	 ﾠto	 ﾠagricultural	 ﾠproduction),	 ﾠwhich	 ﾠopen-ﾭ‐up	 ﾠlarge	 ﾠsoil	 ﾠ
carbon	 ﾠsinks,	 ﾠare	 ﾠavoided	 ﾠ(REF).	 ﾠ	 ﾠ
	 ﾠ In	 ﾠEurope	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠa	 ﾠlarge-ﾭ‐scale	 ﾠexpansion	 ﾠof	 ﾠbiofuel	 ﾠproduction	 ﾠis	 ﾠ
very	 ﾠlimited.	 ﾠOutside	 ﾠthe	 ﾠagricultural	 ﾠsector	 ﾠthere	 ﾠis	 ﾠmainly	 ﾠpermanent	 ﾠgrassland	 ﾠ
that	 ﾠcould	 ﾠbe	 ﾠdiverted	 ﾠto	 ﾠbiofuel	 ﾠfeedstock	 ﾠproduction.	 ﾠIf	 ﾠthis	 ﾠwas	 ﾠthe	 ﾠcase	 ﾠan	 ﾠinitial	 ﾠ
estimate	 ﾠsuggests	 ﾠthat	 ﾠit	 ﾠwould	 ﾠtake	 ﾠ20	 ﾠto	 ﾠ110	 ﾠyears	 ﾠ(+/-ﾭ‐	 ﾠ50%)	 ﾠto	 ﾠrecover	 ﾠthe	 ﾠsoil	 ﾠ
carbon	 ﾠthrough	 ﾠGHG	 ﾠemission	 ﾠsavings	 ﾠfrom	 ﾠusing	 ﾠthe	 ﾠbiofuel	 ﾠgrown	 ﾠon	 ﾠthe	 ﾠsame	 ﾠ
land	 ﾠinstead	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠAny	 ﾠlarge	 ﾠscale	 ﾠbiofuel	 ﾠproduction	 ﾠin	 ﾠEurope	 ﾠ
today	 ﾠwould	 ﾠtherefore	 ﾠneed	 ﾠto	 ﾠrely	 ﾠeither	 ﾠon	 ﾠan	 ﾠincreased	 ﾠimport	 ﾠdependence	 ﾠfor	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 ﾠ
food	 ﾠand	 ﾠfeed	 ﾠproducts	 ﾠor	 ﾠa	 ﾠlarge	 ﾠscale	 ﾠdependence	 ﾠon	 ﾠbiofuel	 ﾠfeedstock	 ﾠimports.	 ﾠ
Both	 ﾠcould	 ﾠbe	 ﾠassociated	 ﾠwith	 ﾠconsiderable	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠ
emissions.	 ﾠ
	 ﾠ
Land-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠplay	 ﾠan	 ﾠimportant	 ﾠrole	 ﾠin	 ﾠthe	 ﾠdiscussion,	 ﾠbecause	 ﾠthe	 ﾠ
large	 ﾠscale	 ﾠcultivation	 ﾠof	 ﾠbiofuel	 ﾠfeedstocks.	 ﾠIn	 ﾠthe	 ﾠU.S.	 ﾠmainly	 ﾠcorn	 ﾠ(maize)	 ﾠis	 ﾠgrown	 ﾠas	 ﾠa	 ﾠ
feedstock	 ﾠfor	 ﾠbioethanol	 ﾠproduction.	 ﾠIn	 ﾠEurope	 ﾠsugar	 ﾠbeet,	 ﾠfeed-ﾭ‐wheat,	 ﾠbarley	 ﾠand	 ﾠsome	 ﾠmaize	 ﾠ
are	 ﾠused	 ﾠfor	 ﾠthis	 ﾠpurpose	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠThe	 ﾠextension	 ﾠof	 ﾠbiofuel	 ﾠproduction	 ﾠfor	 ﾠthe	 ﾠ
replacement	 ﾠof	 ﾠpetroleum-ﾭ‐based	 ﾠfuels	 ﾠrequires	 ﾠadditional	 ﾠland	 ﾠfor	 ﾠthe	 ﾠcultivation	 ﾠof	 ﾠthe	 ﾠcrops.	 ﾠ
This	 ﾠresults	 ﾠin	 ﾠa	 ﾠchange	 ﾠin	 ﾠland-ﾭ‐use	 ﾠpatterns.	 ﾠ
Changes	 ﾠin	 ﾠland-ﾭ‐use	 ﾠpatterns	 ﾠusually	 ﾠchange	 ﾠthe	 ﾠbalance	 ﾠin	 ﾠcarbon	 ﾠstored	 ﾠabove	 ﾠand	 ﾠbelow	 ﾠ
ground.	 ﾠCarbon	 ﾠis	 ﾠstored	 ﾠin	 ﾠthe	 ﾠbiomass	 ﾠ(vegetation)	 ﾠas	 ﾠmentioned	 ﾠabove,	 ﾠbut	 ﾠalso	 ﾠin	 ﾠthe	 ﾠorganic	 ﾠ
litter	 ﾠon	 ﾠthe	 ﾠground	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠsoils.	 ﾠGlobally,	 ﾠthe	 ﾠsoil	 ﾠcarbon	 ﾠis	 ﾠestimated	 ﾠat	 ﾠ2500	 ﾠGt	 ﾠ
compared	 ﾠto	 ﾠ560	 ﾠGt	 ﾠin	 ﾠvegetation	 ﾠand	 ﾠ760	 ﾠGt	 ﾠin	 ﾠthe	 ﾠatmosphere	 ﾠ(Lal	 ﾠ2008;	 ﾠCherubini	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ
Due	 ﾠto	 ﾠthis	 ﾠconsiderable	 ﾠsoil	 ﾠcarbon	 ﾠpool,	 ﾠrelatively	 ﾠsmall	 ﾠincreases	 ﾠor	 ﾠdecreases	 ﾠcan	 ﾠmake	 ﾠan	 ﾠ
important	 ﾠdifference.	 ﾠGlobally,	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠare	 ﾠimportant	 ﾠproducing	 ﾠa	 ﾠ
total	 ﾠof	 ﾠ25%	 ﾠof	 ﾠglobal	 ﾠGHG	 ﾠemissions	 ﾠduring	 ﾠthe	 ﾠ1990s	 ﾠ(Houghton	 ﾠ2005).	 ﾠFurthermore,	 ﾠamong	 ﾠ
all	 ﾠsectors,	 ﾠthere	 ﾠis	 ﾠlargest	 ﾠuncertainty	 ﾠin	 ﾠestimation	 ﾠfor	 ﾠland-ﾭ‐use	 ﾠrelated	 ﾠemission.	 ﾠ
Even	 ﾠthough	 ﾠland	 ﾠuse	 ﾠchange	 ﾠis	 ﾠusually	 ﾠdiscussed	 ﾠin	 ﾠterms	 ﾠof	 ﾠcarbon	 ﾠreleases	 ﾠfrom	 ﾠabove	 ﾠ
and	 ﾠbelow	 ﾠground	 ﾠstocks,	 ﾠit	 ﾠis	 ﾠimportant	 ﾠto	 ﾠunderstand	 ﾠthat	 ﾠchanging	 ﾠland	 ﾠuse	 ﾠpractises	 ﾠcan	 ﾠalso	 ﾠ
stimulate	 ﾠcarbon	 ﾠuptake.	 ﾠFor	 ﾠexample,	 ﾠswitching	 ﾠfrom	 ﾠconventional	 ﾠannual	 ﾠrow	 ﾠcropping	 ﾠto	 ﾠ
switchgrass	 ﾠcultivation	 ﾠcould	 ﾠlead	 ﾠto	 ﾠa	 ﾠsubstantial	 ﾠincrease	 ﾠin	 ﾠsoil	 ﾠcarbon	 ﾠstorage	 ﾠ(Cherubini	 ﾠet	 ﾠ
al.	 ﾠ2009).	 ﾠHowever,	 ﾠso	 ﾠfar	 ﾠland	 ﾠuse	 ﾠchanges	 ﾠassociated	 ﾠwith	 ﾠbiofuel	 ﾠsystems	 ﾠhave	 ﾠusually	 ﾠbeen	 ﾠ
associated	 ﾠwith	 ﾠconversion	 ﾠto	 ﾠintensive	 ﾠagricultural	 ﾠproduction,	 ﾠwhich	 ﾠresult	 ﾠin	 ﾠa	 ﾠdecline	 ﾠof	 ﾠsoil	 ﾠ
carbon	 ﾠstock.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ To	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ From	 ﾠ Wheat	 ﾠ Sugar	 ﾠbeet	 ﾠ Sugar	 ﾠcane	 ﾠ Maize	 ﾠ Palm	 ﾠoil	 ﾠ Rapeseed	 ﾠ Soy	 ﾠbean	 ﾠ
Set-ﾭ‐aise	 ﾠ -ﾭ‐9	 ﾠ -ﾭ‐9	 ﾠ n.a.	 ﾠ -ﾭ‐9	 ﾠ n.a.	 ﾠ -ﾭ‐9	 ﾠ -ﾭ‐9	 ﾠ
Temperate	 ﾠgrassland	 ﾠ -ﾭ‐9	 ﾠ -ﾭ‐9	 ﾠ n.a.	 ﾠ -ﾭ‐9	 ﾠ n.a.	 ﾠ -ﾭ‐9	 ﾠ n.a.	 ﾠ
Temperate	 ﾠforest	 ﾠ -ﾭ‐13	 ﾠ -ﾭ‐13	 ﾠ n.a.	 ﾠ -ﾭ‐13	 ﾠ n.a.	 ﾠ -ﾭ‐13	 ﾠ n.a.	 ﾠ
Tropical	 ﾠgrassland	 ﾠ n.a.	 ﾠ n.a.	 ﾠ n.a.	 ﾠ n.a.	 ﾠ -ﾭ‐2	 ﾠ n.a.	 ﾠ n.a.	 ﾠ
Soil	 ﾠC	 ﾠstock	 ﾠchange	 ﾠ
Tropical	 ﾠmoist	 ﾠrain	 ﾠ
forest	 ﾠ
n.a.	 ﾠ n.a.	 ﾠ -ﾭ‐31	 ﾠ n.a.	 ﾠ -ﾭ‐4	 ﾠ n.a.	 ﾠ -ﾭ‐31	 ﾠ
Set-ﾭ‐aise	 ﾠ 0	 ﾠ 0	 ﾠ n.a.	 ﾠ 0	 ﾠ n.a.	 ﾠ 0	 ﾠ 0	 ﾠ
Temperate	 ﾠgrassland	 ﾠ 0	 ﾠ 0	 ﾠ n.a.	 ﾠ 0	 ﾠ n.a.	 ﾠ 0	 ﾠ n.a.	 ﾠ
Temperate	 ﾠforest	 ﾠ -ﾭ‐35	 ﾠ -ﾭ‐35	 ﾠ n.a.	 ﾠ -ﾭ‐35	 ﾠ n.a.	 ﾠ -ﾭ‐35	 ﾠ n.a.	 ﾠ
Tropical	 ﾠgrassland	 ﾠ n.a.	 ﾠ n.a.	 ﾠ n.a.	 ﾠ n.a.	 ﾠ 63	 ﾠ n.a.	 ﾠ n.a.	 ﾠ
Above	 ﾠground	 ﾠ
carbon	 ﾠstock	 ﾠchange	 ﾠ
Tropical	 ﾠmoist	 ﾠrain	 ﾠ
forest	 ﾠ
n.a.	 ﾠ n.a.	 ﾠ -ﾭ‐120	 ﾠ n.a.	 ﾠ -ﾭ‐57	 ﾠ n.a.	 ﾠ -ﾭ‐120	 ﾠ
	 ﾠ
(cold	 ﾠdry	 ﾠtemperate	 ﾠconditions	 ﾠfor	 ﾠset-ﾭ‐aside,	 ﾠtemperate	 ﾠgrassland	 ﾠand	 ﾠforest)	 ﾠSource:	 ﾠHammelinck	 ﾠet	 ﾠal.	 ﾠ
(2008)Unit:	 ﾠtons	 ﾠof	 ﾠC	 ﾠper	 ﾠyear	 ﾠ
Box A-2 – Land use change related emissions and biofuels 
	 ﾠ
	 ﾠ Clearly,	 ﾠas	 ﾠlong	 ﾠas	 ﾠbiofuel	 ﾠsubstitution	 ﾠrates	 ﾠare	 ﾠnegligible,	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠ
change	 ﾠemissions	 ﾠmight	 ﾠbe	 ﾠas	 ﾠwell,	 ﾠbecause	 ﾠthe	 ﾠadditional	 ﾠcrop	 ﾠdemands	 ﾠcan	 ﾠbe	 ﾠmet	 ﾠ  105	 ﾠ
on	 ﾠset	 ﾠaside	 ﾠor	 ﾠother	 ﾠunused	 ﾠarable	 ﾠland.	 ﾠHowever,	 ﾠwith	 ﾠEurope	 ﾠand	 ﾠthe	 ﾠU.S.	 ﾠhaving	 ﾠ
both	 ﾠdefined	 ﾠsubstantial	 ﾠbiofuel	 ﾠtargets	 ﾠfor	 ﾠthe	 ﾠtransport	 ﾠsector,	 ﾠa	 ﾠlarge	 ﾠshare	 ﾠof	 ﾠthe	 ﾠ
resulting	 ﾠcrop	 ﾠdemands	 ﾠwill	 ﾠbe	 ﾠremoved	 ﾠfrom	 ﾠworld	 ﾠcommodity	 ﾠmarkets	 ﾠ(Edwards	 ﾠ
et	 ﾠal.	 ﾠ2008).	 ﾠ
	 ﾠ Searchinger	 ﾠet	 ﾠal.	 ﾠhighlight	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠneglecting	 ﾠindirect	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠ
emissions	 ﾠin	 ﾠassessments	 ﾠof	 ﾠthe	 ﾠGHG	 ﾠperformance	 ﾠof	 ﾠbiofuels	 ﾠ(2008).	 ﾠWhile	 ﾠU.S.	 ﾠ
corn-ﾭ‐ethanol	 ﾠand	 ﾠbiomass	 ﾠethanol	 ﾠreduce	 ﾠGHG	 ﾠemissions	 ﾠper	 ﾠkilometer	 ﾠdriven	 ﾠ
compared	 ﾠto	 ﾠconventional	 ﾠgasoline	 ﾠby	 ﾠ20%	 ﾠand	 ﾠ70%	 ﾠrespectively	 ﾠas	 ﾠlong	 ﾠas	 ﾠland	 ﾠuse	 ﾠ
change	 ﾠrelated	 ﾠemissions	 ﾠare	 ﾠexcluded	 ﾠfrom	 ﾠthe	 ﾠcalculations,	 ﾠthis	 ﾠchanges	 ﾠ
dramatically	 ﾠto	 ﾠan	 ﾠincrease	 ﾠof	 ﾠ93%	 ﾠand	 ﾠ50%	 ﾠrespectively,	 ﾠonce	 ﾠthese	 ﾠemissions	 ﾠare	 ﾠ
accounted	 ﾠfor.	 ﾠMoreover,	 ﾠthe	 ﾠauthors	 ﾠfind	 ﾠthat,	 ﾠeven	 ﾠif	 ﾠcorn	 ﾠethanol	 ﾠcaused	 ﾠno	 ﾠ
emissions	 ﾠexcept	 ﾠthose	 ﾠfrom	 ﾠland-ﾭ‐use	 ﾠchanges,	 ﾠemissions	 ﾠwould	 ﾠstill	 ﾠincrease	 ﾠover	 ﾠa	 ﾠ
30	 ﾠyear	 ﾠtime	 ﾠperiod.	 ﾠThe	 ﾠresults	 ﾠare	 ﾠsummarized	 ﾠin	 ﾠTable	 ﾠA-ﾭ‐1.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ


































Gasoline	 ﾠ 11	 ﾠ 47	 ﾠ 220	 ﾠ 0	 ﾠ 	 ﾠ 278	 ﾠ 	 ﾠ 	 ﾠ
Corn	 ﾠ
ethanol	 ﾠ
72	 ﾠ 121	 ﾠ 215	 ﾠ -ﾭ‐188	 ﾠ 316	 ﾠ 221	 ﾠ 536	 ﾠ -ﾭ20%	 ﾠ
Biomass	 ﾠ
ethanol	 ﾠ
29	 ﾠ 26	 ﾠ 215	 ﾠ -ﾭ‐188	 ﾠ 336	 ﾠ 83	 ﾠ 418	 ﾠ -ﾭ70%	 ﾠ
Source:	 ﾠCalculated	 ﾠwith	 ﾠGREET	 ﾠ1.7(4)	 ﾠusing	 ﾠdefault	 ﾠassumptions	 ﾠfor	 ﾠ2015	 ﾠscenario.	 ﾠGasoline	 ﾠis	 ﾠa	 ﾠcombination	 ﾠof	 ﾠ
conventional	 ﾠand	 ﾠreformulated	 ﾠgasoline.	 ﾠEthanol	 ﾠemissions	 ﾠremove	 ﾠemissions	 ﾠof	 ﾠ15%	 ﾠgasoline	 ﾠfrom	 ﾠE85	 ﾠfuels.	 ﾠGREET	 ﾠ
assumes	 ﾠ7.15	 ﾠkm/liter	 ﾠfor	 ﾠethanol	 ﾠ(and	 ﾠrates	 ﾠfor	 ﾠgasoline	 ﾠadjusted	 ﾠfor	 ﾠhigher	 ﾠenergy	 ﾠcontent).	 ﾠThe	 ﾠtable	 ﾠdeletes	 ﾠfrom	 ﾠ
Making	 ﾠFeedstock	 ﾠcolumn	 ﾠthe	 ﾠGREET	 ﾠ2.5	 ﾠgrams/km	 ﾠestimate	 ﾠof	 ﾠemissions	 ﾠfrom	 ﾠland	 ﾠconversion	 ﾠfor	 ﾠcorn	 ﾠethanol	 ﾠbut	 ﾠ
includes	 ﾠcredit	 ﾠfor	 ﾠdirect	 ﾠsoil	 ﾠcarbon	 ﾠgain	 ﾠby	 ﾠswitching	 ﾠcropland	 ﾠto	 ﾠswitchgrass.	 ﾠLand	 ﾠuse	 ﾠchange	 ﾠemissions	 ﾠare	 ﾠamortized	 ﾠ
over	 ﾠ30	 ﾠyears.	 ﾠThe	 ﾠland	 ﾠuse	 ﾠchange	 ﾠestimate	 ﾠfor	 ﾠbiomass	 ﾠassumes	 ﾠswitchgrass	 ﾠproduced	 ﾠon	 ﾠaverage-ﾭ‐yielding	 ﾠU.S.	 ﾠcorn	 ﾠ
fields,	 ﾠat	 ﾠ18	 ﾠMT/ha	 ﾠ(S33)	 ﾠwithout	 ﾠfeed	 ﾠby-ﾭ‐product.	 ﾠNumbers	 ﾠin	 ﾠcolumns	 ﾠmay	 ﾠnot	 ﾠsum	 ﾠdue	 ﾠto	 ﾠrounding.	 ﾠ
Table A-1: Comparison of GHG Well-to-Wheel Emissions by Stage from Gasoline and 
Ethanol-Fueled Vehicles – Grams CO2 equivalent Per Kilometer Driven (Searchinger et al. 
2008, Supporting Information). 
	 ﾠ 	 ﾠ
Even	 ﾠthough	 ﾠSearchinger	 ﾠet	 ﾠal.’s	 ﾠresults	 ﾠsparked	 ﾠcontroversy	 ﾠin	 ﾠthat	 ﾠnot	 ﾠall	 ﾠ
authors	 ﾠagree	 ﾠwith	 ﾠthe	 ﾠunderlying	 ﾠmodeling	 ﾠassumption,	 ﾠthere	 ﾠseems	 ﾠto	 ﾠbe	 ﾠa	 ﾠ
common	 ﾠunderstanding	 ﾠthat	 ﾠthe	 ﾠuncertainties	 ﾠadded	 ﾠthrough	 ﾠthe	 ﾠconsideration	 ﾠof	 ﾠ
indirect	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠare	 ﾠsufficiently	 ﾠlarge	 ﾠto	 ﾠnegate	 ﾠany	 ﾠGHG	 ﾠ
balance	 ﾠassociated	 ﾠwith	 ﾠbiofuels	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠFargione	 ﾠet	 ﾠal.	 ﾠ2008,	 ﾠKim	 ﾠet	 ﾠ
al.	 ﾠ2009,	 ﾠLiska	 ﾠand	 ﾠPerrin	 ﾠ2009).	 ﾠTechnically,	 ﾠthe	 ﾠmain	 ﾠproblem	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠ
estimation	 ﾠof	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠis	 ﾠthe	 ﾠcomplexity	 ﾠof	 ﾠthe	 ﾠ
matter	 ﾠrequiring	 ﾠauthors	 ﾠto	 ﾠtake	 ﾠa	 ﾠvariety	 ﾠof	 ﾠmodel	 ﾠassumptions.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠ  106	 ﾠ
model	 ﾠneeds	 ﾠto	 ﾠbe	 ﾠable	 ﾠto	 ﾠinfer	 ﾠhow	 ﾠa	 ﾠchange	 ﾠin	 ﾠthe	 ﾠbiofuel	 ﾠdemand	 ﾠin	 ﾠthe	 ﾠEU	 ﾠ
changes	 ﾠthe	 ﾠglobal	 ﾠtrade	 ﾠin	 ﾠagricultural	 ﾠand	 ﾠfood	 ﾠproducts,	 ﾠdistinguish	 ﾠemission	 ﾠ
factors	 ﾠby	 ﾠagro-ﾭ‐ecological	 ﾠzone,	 ﾠidentify	 ﾠlocally	 ﾠspecific	 ﾠchanges	 ﾠin	 ﾠland	 ﾠuses	 ﾠacross	 ﾠ
the	 ﾠworld	 ﾠinduced	 ﾠby	 ﾠchanges	 ﾠin	 ﾠcrop	 ﾠprices	 ﾠand	 ﾠso	 ﾠon	 ﾠ(see	 ﾠalso	 ﾠCreutzig	 ﾠand	 ﾠ
Kammen	 ﾠ2009).	 ﾠThe	 ﾠresulting	 ﾠuncertainties	 ﾠare	 ﾠso	 ﾠlarge	 ﾠthat	 ﾠwe	 ﾠcurrently	 ﾠdo	 ﾠnot	 ﾠ
know	 ﾠroughly	 ﾠthe	 ﾠmagnitude	 ﾠof	 ﾠthese	 ﾠindirect	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠemissions.	 ﾠ
However,	 ﾠthere	 ﾠis	 ﾠan	 ﾠincreasing	 ﾠacknowledgement	 ﾠin	 ﾠthe	 ﾠliterature	 ﾠthat	 ﾠthese	 ﾠeffects	 ﾠ
could	 ﾠpotentially	 ﾠnegate	 ﾠthe	 ﾠentire	 ﾠGHG	 ﾠbalance	 ﾠof	 ﾠbiofuels	 ﾠand	 ﾠthat	 ﾠthe	 ﾠbest	 ﾠ
strategy	 ﾠmight	 ﾠbe	 ﾠto	 ﾠavoid	 ﾠany	 ﾠlarge	 ﾠscale	 ﾠapplication	 ﾠof	 ﾠbiofuel	 ﾠproduction	 ﾠfrom	 ﾠ
dedicated	 ﾠenergy	 ﾠcrops	 ﾠon	 ﾠarable	 ﾠland.	 ﾠEdwards	 ﾠet	 ﾠal.	 ﾠhighlight	 ﾠthat	 ﾠit	 ﾠis	 ﾠvery	 ﾠ
uncertain	 ﾠwhether	 ﾠor	 ﾠnot	 ﾠthe	 ﾠ10%	 ﾠbiofuel	 ﾠtarget	 ﾠof	 ﾠthe	 ﾠEU	 ﾠwill	 ﾠresult	 ﾠin	 ﾠnet	 ﾠcarbon	 ﾠ
benefits	 ﾠ(2009).	 ﾠ
 
	 ﾠWider	 ﾠsocial	 ﾠenvironmental	 ﾠimpacts	 ﾠassociated	 ﾠwith	 ﾠbiofuels	 ﾠ
  A	 ﾠlarge-ﾭ‐scale	 ﾠexpansion	 ﾠof	 ﾠbiofuels	 ﾠhas	 ﾠnot	 ﾠonly	 ﾠGHG	 ﾠemission	 ﾠimplications.	 ﾠ
There	 ﾠare	 ﾠalso	 ﾠother	 ﾠpotentially	 ﾠdetrimental	 ﾠenvironmental	 ﾠimpacts	 ﾠor	 ﾠsocial	 ﾠissues	 ﾠ
related	 ﾠto	 ﾠthe	 ﾠpotential	 ﾠcompetition	 ﾠwith	 ﾠfood	 ﾠproduction.	 ﾠThe	 ﾠlife	 ﾠcycle	 ﾠassessment	 ﾠ
evidence	 ﾠon	 ﾠwider	 ﾠenvironmental	 ﾠimpacts	 ﾠis	 ﾠmuch	 ﾠmore	 ﾠlimited	 ﾠthan	 ﾠstudies	 ﾠ
focussing	 ﾠon	 ﾠGHG	 ﾠemissions.	 ﾠ
	 ﾠ In	 ﾠtheir	 ﾠreview	 ﾠof	 ﾠthe	 ﾠexisting	 ﾠLCA	 ﾠliterature	 ﾠon	 ﾠbioethanol	 ﾠsystems	 ﾠvon	 ﾠ
Blottnitz	 ﾠand	 ﾠCurran	 ﾠhighlight	 ﾠthat	 ﾠonly	 ﾠ7	 ﾠof	 ﾠ47	 ﾠavailable	 ﾠstudies	 ﾠcarried	 ﾠout	 ﾠa	 ﾠ
comprehensive	 ﾠassessment	 ﾠbeyond	 ﾠGHG	 ﾠemissions	 ﾠ(2007).	 ﾠThese	 ﾠstudies	 ﾠsuggest	 ﾠ
that	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠbiofuels	 ﾠfrom	 ﾠdifferent	 ﾠfeedstock	 ﾠis	 ﾠvery	 ﾠmixed	 ﾠacross	 ﾠother	 ﾠ
environmental	 ﾠimpact	 ﾠcategories.	 ﾠIn	 ﾠfact,	 ﾠthey	 ﾠseem	 ﾠto	 ﾠbe	 ﾠmore	 ﾠoften	 ﾠunfavourable	 ﾠ
for	 ﾠbiofuels	 ﾠcompared	 ﾠto	 ﾠconventional	 ﾠpetroleum	 ﾠbased	 ﾠfuels	 ﾠ(Quirin	 ﾠet	 ﾠal	 ﾠ2004).	 ﾠ
Zah	 ﾠet	 ﾠal.	 ﾠfurther	 ﾠsuggests	 ﾠbased	 ﾠon	 ﾠa	 ﾠcomprehensive	 ﾠLCA	 ﾠof	 ﾠa	 ﾠbroad	 ﾠvariety	 ﾠof	 ﾠ
biofuel	 ﾠfeedstocks	 ﾠthat	 ﾠthere	 ﾠmight	 ﾠbe	 ﾠa	 ﾠtrade-ﾭ‐off	 ﾠbetween	 ﾠfewer	 ﾠGHG	 ﾠemissions	 ﾠand	 ﾠ
higher	 ﾠenvironmental	 ﾠdisbenefits	 ﾠof	 ﾠdifferent	 ﾠkind	 ﾠcompared	 ﾠto	 ﾠconventional	 ﾠ
petroleum	 ﾠbased	 ﾠfuels	 ﾠ(2007).	 ﾠJacobson	 ﾠshowed	 ﾠthat	 ﾠbiofuels	 ﾠmight	 ﾠbe	 ﾠa	 ﾠgreater	 ﾠ
overall	 ﾠpublic	 ﾠhealth	 ﾠrisk	 ﾠthan	 ﾠconventional	 ﾠpetroleum-ﾭ‐based	 ﾠfuels	 ﾠdue	 ﾠto	 ﾠozone	 ﾠ
effects,	 ﾠusing	 ﾠethanol	 ﾠ(E85)	 ﾠas	 ﾠa	 ﾠcase	 ﾠstudy	 ﾠ(2007).	 ﾠ
	 ﾠ Finally,	 ﾠthere	 ﾠis	 ﾠa	 ﾠquestion	 ﾠof	 ﾠwhether	 ﾠor	 ﾠnot	 ﾠit	 ﾠis	 ﾠacceptable	 ﾠto	 ﾠallow	 ﾠfor	 ﾠ
competition	 ﾠin	 ﾠagricultural	 ﾠcrop	 ﾠproduction	 ﾠbetween	 ﾠfood	 ﾠand	 ﾠenergy.	 ﾠStudies	 ﾠ
suggest	 ﾠthat	 ﾠcurrent	 ﾠproduction	 ﾠof	 ﾠ1st	 ﾠgeneration	 ﾠbiofuels	 ﾠhas	 ﾠalready	 ﾠput	 ﾠpressure	 ﾠ
on	 ﾠglobal	 ﾠfood	 ﾠprices	 ﾠregardless	 ﾠof	 ﾠthe	 ﾠrelatively	 ﾠmodest	 ﾠsize	 ﾠof	 ﾠglobal	 ﾠbiofuel	 ﾠ
production.	 ﾠThe	 ﾠWorld	 ﾠBank	 ﾠestimates	 ﾠthat	 ﾠbiofuel	 ﾠproduction	 ﾠhas	 ﾠbeen	 ﾠresponsible	 ﾠ
for	 ﾠroughly	 ﾠ75%	 ﾠof	 ﾠthe	 ﾠincrease	 ﾠin	 ﾠfood	 ﾠprices	 ﾠbetween	 ﾠ2002-ﾭ‐2008.	 ﾠTherefore,	 ﾠ1st	 ﾠ
generation	 ﾠbiofuels	 ﾠare	 ﾠalready	 ﾠan	 ﾠimportant	 ﾠdriver	 ﾠof	 ﾠfood	 ﾠinsecurity,	 ﾠwhich	 ﾠhad	 ﾠ
already	 ﾠsevere	 ﾠconsequences	 ﾠfor	 ﾠthe	 ﾠlivelihoods	 ﾠof	 ﾠpeople	 ﾠin	 ﾠpoor	 ﾠcountries.	 ﾠThe	 ﾠ
Food	 ﾠand	 ﾠAgricultural	 ﾠOrganization	 ﾠ(FAO	 ﾠ2008a,	 ﾠ2008b)	 ﾠsuggests	 ﾠthat	 ﾠan	 ﾠadditional	 ﾠ
75	 ﾠmillion	 ﾠpeople	 ﾠwere	 ﾠpushed	 ﾠinto	 ﾠundernourishment	 ﾠduring	 ﾠthe	 ﾠglobal	 ﾠfood	 ﾠprice	 ﾠ
crisis	 ﾠin	 ﾠ2007,	 ﾠbringing	 ﾠthe	 ﾠtotal	 ﾠto	 ﾠnearly	 ﾠ1	 ﾠbillion	 ﾠhungry	 ﾠpeople	 ﾠin	 ﾠthe	 ﾠworld.	 ﾠ
Achieving	 ﾠthe	 ﾠaggressive	 ﾠbiofuel	 ﾠtargets	 ﾠin	 ﾠthe	 ﾠU.S.	 ﾠand	 ﾠEurope	 ﾠcould	 ﾠpotentially	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have	 ﾠmuch	 ﾠlarger	 ﾠimpacts	 ﾠand	 ﾠtherefore	 ﾠprovides	 ﾠfurther	 ﾠarguments	 ﾠfor	 ﾠquestioning	 ﾠ
current	 ﾠbiofuels	 ﾠstrategies.	 ﾠ
 
Conclusions:	 ﾠCascading	 ﾠuncertainties	 ﾠin	 ﾠthe	 ﾠbiofuel	 ﾠlife	 ﾠcycle	 ﾠ
	 ﾠ This	 ﾠreview	 ﾠcasts	 ﾠdoubt	 ﾠon	 ﾠthe	 ﾠGHG	 ﾠas	 ﾠwell	 ﾠas	 ﾠwider	 ﾠsocial	 ﾠand	 ﾠ
environmental	 ﾠbenefits	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠlarge-ﾭ‐scale	 ﾠtransition	 ﾠtowards	 ﾠbiofuels	 ﾠas	 ﾠ
called	 ﾠfor	 ﾠby	 ﾠrecent	 ﾠEuropean	 ﾠand	 ﾠU.S.	 ﾠlegislation.	 ﾠThis	 ﾠis	 ﾠin	 ﾠline	 ﾠwith	 ﾠthe	 ﾠmore	 ﾠ
recent	 ﾠbiofuel	 ﾠliterature	 ﾠ(e.g.	 ﾠFargione	 ﾠet	 ﾠal.	 ﾠ2008;	 ﾠSearchinger	 ﾠet	 ﾠal.	 ﾠ2009;	 ﾠTilman	 ﾠ
et	 ﾠal.	 ﾠ2009).	 ﾠ	 ﾠ
	 ﾠ Uncertainties	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠlife	 ﾠcycle	 ﾠof	 ﾠbiofuels	 ﾠincrease	 ﾠwith	 ﾠsystem	 ﾠ
complexity	 ﾠ(see	 ﾠFigure	 ﾠA-ﾭ‐4).	 ﾠOn	 ﾠthe	 ﾠone	 ﾠhand	 ﾠsystem	 ﾠcomplexity	 ﾠincreases	 ﾠwith	 ﾠ
system	 ﾠboundary	 ﾠextensions	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠland	 ﾠuse	 ﾠchange	 ﾠrelated	 ﾠ
emissions.	 ﾠOn	 ﾠthe	 ﾠother	 ﾠhand,	 ﾠsystem	 ﾠcomplexity	 ﾠincreases	 ﾠwith	 ﾠinformation	 ﾠ
requirements	 ﾠas	 ﾠin	 ﾠthe	 ﾠcase	 ﾠof	 ﾠnitrous	 ﾠoxide	 ﾠemissions,	 ﾠwhere	 ﾠsite-ﾭ‐specific	 ﾠ
conditions	 ﾠwill	 ﾠhighly	 ﾠinfluence	 ﾠemission	 ﾠfluxes.	 ﾠOverall,	 ﾠour	 ﾠreview	 ﾠsuggests	 ﾠthat	 ﾠ
both	 ﾠnitrous	 ﾠoxide	 ﾠemissions	 ﾠas	 ﾠwell	 ﾠas	 ﾠland-ﾭ‐use	 ﾠchange	 ﾠrelated	 ﾠemissions	 ﾠcould	 ﾠbe	 ﾠ
sufficiently	 ﾠlarge	 ﾠto	 ﾠnegate	 ﾠthe	 ﾠGHG	 ﾠbalance	 ﾠof	 ﾠany	 ﾠbiofuel	 ﾠfeedstock.	 ﾠ
	 ﾠ However,	 ﾠwe	 ﾠhave	 ﾠhighlighted	 ﾠin	 ﾠthe	 ﾠbeginning	 ﾠthat	 ﾠnot	 ﾠall	 ﾠbiofuels	 ﾠare	 ﾠthe	 ﾠ
same.	 ﾠTechnologies	 ﾠare	 ﾠconstantly	 ﾠadvancing	 ﾠbringing	 ﾠnew	 ﾠpotentially	 ﾠviable	 ﾠ
solution	 ﾠto	 ﾠthe	 ﾠtable.	 ﾠWhile	 ﾠit	 ﾠis	 ﾠa	 ﾠgeneric	 ﾠcharacteristic	 ﾠof	 ﾠ1st	 ﾠgeneration	 ﾠbiofuels	 ﾠ
that	 ﾠthey	 ﾠcompete	 ﾠwith	 ﾠfood	 ﾠand	 ﾠfeed	 ﾠproduction,	 ﾠthis	 ﾠdoes	 ﾠnot	 ﾠneed	 ﾠto	 ﾠbe	 ﾠthe	 ﾠcase	 ﾠ
for	 ﾠ2nd	 ﾠand	 ﾠ3rd	 ﾠgeneration	 ﾠbiofuels.	 ﾠIn	 ﾠfact,	 ﾠthey	 ﾠmight	 ﾠeven	 ﾠhelp	 ﾠto	 ﾠfix	 ﾠadditional	 ﾠ
carbon	 ﾠin	 ﾠsoils	 ﾠ(Tilman	 ﾠet	 ﾠal.	 ﾠ2006).	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Figure A-4: Cascading Uncertainties in the Life Cycle of Biofuels (source: authors) 
	 ﾠ
	 ﾠ These	 ﾠtechnologies	 ﾠmight	 ﾠstill	 ﾠbe	 ﾠquite	 ﾠa	 ﾠfair	 ﾠbit	 ﾠaway	 ﾠfrom	 ﾠmarket	 ﾠ
commercialization	 ﾠ(Edwards	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠHowever,	 ﾠas	 ﾠit	 ﾠis	 ﾠimportant	 ﾠto	 ﾠconsider	 ﾠ
how	 ﾠ`biofuels	 ﾠdone	 ﾠwrong’	 ﾠmight	 ﾠhave	 ﾠvery	 ﾠnegative	 ﾠenvironmental	 ﾠand	 ﾠsocial	 ﾠ
effects,	 ﾠit	 ﾠis	 ﾠwould	 ﾠbe	 ﾠequally	 ﾠcareless	 ﾠto	 ﾠoversee	 ﾠthe	 ﾠopportunities	 ﾠprovided	 ﾠif	 ﾠ
`biofuels	 ﾠare	 ﾠdone	 ﾠright’	 ﾠ(Tilman	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠIt	 ﾠis	 ﾠimportant	 ﾠto	 ﾠhave	 ﾠsafeguards	 ﾠin	 ﾠ
place	 ﾠthat	 ﾠensure	 ﾠthat	 ﾠwe	 ﾠcan	 ﾠunleash	 ﾠthe	 ﾠpotential	 ﾠof	 ﾠbiofuels.	 ﾠ
	 ﾠ An	 ﾠappropriate	 ﾠsustainability	 ﾠcriterion	 ﾠwould	 ﾠbe	 ﾠthat	 ﾠfeedstock	 ﾠproduction	 ﾠ
under	 ﾠno	 ﾠcircumstances	 ﾠcompetes	 ﾠwith	 ﾠfood	 ﾠproduction.	 ﾠTillman	 ﾠet	 ﾠal.	 ﾠplace	 ﾠthe	 ﾠ
fuels	 ﾠthat	 ﾠmeet	 ﾠthis	 ﾠcriterion	 ﾠinto	 ﾠfive	 ﾠbasic	 ﾠcategories	 ﾠ(2009):	 ﾠ	 ﾠ
	 ﾠ	 ﾠ
1. Fuel	 ﾠfeedstock	 ﾠcrops	 ﾠgrown	 ﾠon	 ﾠabandoned	 ﾠfarmland	 ﾠthat	 ﾠis	 ﾠcurrent	 ﾠ
degraded.	 ﾠCrops	 ﾠgrown	 ﾠin	 ﾠthis	 ﾠway	 ﾠdo	 ﾠnot	 ﾠcompete	 ﾠwith	 ﾠfood	 ﾠcrops,	 ﾠbut	 ﾠ
they	 ﾠcould	 ﾠalso	 ﾠprove	 ﾠto	 ﾠbe	 ﾠenvironmentally	 ﾠbeneficial.	 ﾠ	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠtheir	 ﾠ
potential	 ﾠto	 ﾠimprove	 ﾠwildlife	 ﾠhabitat	 ﾠand	 ﾠwater	 ﾠquality,	 ﾠperennial	 ﾠ
feedstock	 ﾠcrops	 ﾠcould	 ﾠincrease	 ﾠsoil	 ﾠcarbon	 ﾠsequestration.	 ﾠ	 ﾠ	 ﾠ
2. Crop	 ﾠresidues.	 ﾠ	 ﾠAlthough	 ﾠcrop	 ﾠresidues	 ﾠincrease	 ﾠsoil	 ﾠfertility,	 ﾠdecrease	 ﾠ
erosion,	 ﾠand	 ﾠimprove	 ﾠsoil	 ﾠcarbon	 ﾠstores	 ﾠwhen	 ﾠleft	 ﾠon	 ﾠfields,	 ﾠsome	 ﾠresidues	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can	 ﾠbe	 ﾠremoved	 ﾠwithout	 ﾠcompromising	 ﾠthese	 ﾠbenefits.	 ﾠ	 ﾠThe	 ﾠremovable	 ﾠ
fraction	 ﾠis	 ﾠcapable	 ﾠof	 ﾠsupporting	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠsignificant	 ﾠquantities	 ﾠof	 ﾠ
biofuels.	 ﾠ	 ﾠ
3. Sustainably	 ﾠharvested	 ﾠwood	 ﾠand	 ﾠforest	 ﾠresidues.	 ﾠ	 ﾠThese	 ﾠinclude	 ﾠthe	 ﾠslash	 ﾠ
that	 ﾠis	 ﾠcurrently	 ﾠleft	 ﾠin	 ﾠplace	 ﾠafter	 ﾠtimber	 ﾠharvesting,	 ﾠresidues	 ﾠfrom	 ﾠmilling	 ﾠ
and	 ﾠpulp	 ﾠproduction,	 ﾠthinnings	 ﾠfrom	 ﾠfire	 ﾠprevention	 ﾠoperations,	 ﾠas	 ﾠwell	 ﾠas	 ﾠ
wastes	 ﾠfrom	 ﾠmanagement	 ﾠoperations	 ﾠundertaken	 ﾠto	 ﾠreduce	 ﾠcompetition	 ﾠ
and	 ﾠhasten	 ﾠthe	 ﾠgrowth	 ﾠof	 ﾠmarketable	 ﾠtrees.	 ﾠ	 ﾠ
4. 	 ﾠDouble	 ﾠand	 ﾠmixed	 ﾠcropping.	 ﾠ	 ﾠBiofuel	 ﾠcrops	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠgrown	 ﾠand	 ﾠ
harvested	 ﾠbetween	 ﾠexisting	 ﾠfood	 ﾠcropping	 ﾠcycles	 ﾠ(and	 ﾠwhich	 ﾠdo	 ﾠnot	 ﾠ
interfere	 ﾠwith	 ﾠthose	 ﾠcycles)	 ﾠmeet	 ﾠthe	 ﾠcriterion	 ﾠestablished	 ﾠabove.	 ﾠ	 ﾠThe	 ﾠ
same	 ﾠis	 ﾠtrue	 ﾠfor	 ﾠcrops	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠgrown	 ﾠalong	 ﾠwith	 ﾠfood	 ﾠcrops	 ﾠ(such	 ﾠas	 ﾠ
between	 ﾠfood	 ﾠcrop	 ﾠrows).	 ﾠ	 ﾠ
5. Municipal	 ﾠand	 ﾠindustrial	 ﾠwaste	 ﾠstreams.	 ﾠ	 ﾠWaste	 ﾠstreams	 ﾠthat	 ﾠinclude	 ﾠpaper	 ﾠ
products,	 ﾠyard	 ﾠwaste,	 ﾠconstruction	 ﾠwastes,	 ﾠand	 ﾠplastics	 ﾠare	 ﾠviable	 ﾠsources	 ﾠ
of	 ﾠfeedstocks	 ﾠthat	 ﾠdo	 ﾠnot	 ﾠentail	 ﾠland	 ﾠuse	 ﾠchange	 ﾠimpacts.	 ﾠ
 
	 ﾠ
Hydrogen	 ﾠand	 ﾠElectricity	 ﾠ
	 ﾠ Hydrogen	 ﾠand	 ﾠelectricity	 ﾠare	 ﾠtwo	 ﾠenergy	 ﾠcarriers	 ﾠthat	 ﾠhave	 ﾠthe	 ﾠpotential	 ﾠto	 ﾠ
power	 ﾠlow-ﾭ‐carbon	 ﾠtransportation	 ﾠin	 ﾠzero	 ﾠemission	 ﾠvehicles	 ﾠ(ZEVs).	 ﾠ	 ﾠResearchers,	 ﾠ
politicians	 ﾠand	 ﾠthe	 ﾠgeneral	 ﾠpublic	 ﾠcontinue	 ﾠto	 ﾠdebate	 ﾠwhich	 ﾠfuel	 ﾠis	 ﾠmore	 ﾠconducive	 ﾠ
to	 ﾠthis	 ﾠgoal	 ﾠand	 ﾠtherefore	 ﾠwhich	 ﾠshould	 ﾠbe	 ﾠsupported	 ﾠand	 ﾠdeveloped	 ﾠby	 ﾠ
governments	 ﾠand	 ﾠprivate	 ﾠindustries.	 ﾠ	 ﾠHere	 ﾠa	 ﾠcomparison	 ﾠof	 ﾠhydrogen	 ﾠand	 ﾠelectricity	 ﾠ
as	 ﾠtransportation	 ﾠfuels,	 ﾠtheir	 ﾠlife	 ﾠcycle	 ﾠemissions,	 ﾠefficiency	 ﾠprofiles	 ﾠand	 ﾠtheir	 ﾠ
corresponding	 ﾠvehicle	 ﾠtechnologies	 ﾠis	 ﾠdiscussed	 ﾠin	 ﾠdetail.	 ﾠ
Hydrogen	 ﾠproduction	 ﾠ
	 ﾠ Like	 ﾠethanol	 ﾠand	 ﾠelectricity,	 ﾠhydrogen	 ﾠis	 ﾠnot	 ﾠa	 ﾠprimary	 ﾠsource	 ﾠof	 ﾠenergy.	 ﾠ	 ﾠIt	 ﾠis	 ﾠ
a	 ﾠchemical	 ﾠenergy	 ﾠcarrier	 ﾠand	 ﾠmust	 ﾠbe	 ﾠremoved	 ﾠfrom	 ﾠa	 ﾠhydrocarbon	 ﾠsubstrate	 ﾠ
(such	 ﾠas	 ﾠa	 ﾠfossil	 ﾠfuel	 ﾠor	 ﾠbiomass)	 ﾠor	 ﾠfrom	 ﾠwater.	 ﾠ	 ﾠ	 ﾠHydrogen	 ﾠproduction	 ﾠprocesses	 ﾠall	 ﾠ
require	 ﾠa	 ﾠcetain	 ﾠamount	 ﾠof	 ﾠenergy	 ﾠinput	 ﾠand	 ﾠare	 ﾠeconomically	 ﾠand	 ﾠenvironmentally	 ﾠ
evaluated	 ﾠbased	 ﾠon	 ﾠtheir	 ﾠrelative	 ﾠcost,	 ﾠenergy	 ﾠefficiency,	 ﾠand	 ﾠthe	 ﾠlong-ﾭ‐term	 ﾠ
availability	 ﾠof	 ﾠthe	 ﾠprimary	 ﾠfeedstock.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ About	 ﾠ96%	 ﾠof	 ﾠhydrogen	 ﾠproduced	 ﾠglobally	 ﾠcomes	 ﾠfrom	 ﾠfossil	 ﾠfuel	 ﾠfeedstock.	 ﾠ
More	 ﾠspecifically,	 ﾠ48%	 ﾠis	 ﾠproduced	 ﾠvia	 ﾠsteam	 ﾠmethane	 ﾠreformation	 ﾠ(SMR)	 ﾠwith	 ﾠ
natural	 ﾠgas	 ﾠas	 ﾠthe	 ﾠfeedstock,	 ﾠ30%	 ﾠcomes	 ﾠfrom	 ﾠsteam	 ﾠreforming	 ﾠor	 ﾠpartical	 ﾠoxidation	 ﾠ
of	 ﾠpetroleum	 ﾠand	 ﾠ18%	 ﾠfrom	 ﾠcoal	 ﾠgasification.	 ﾠElectrolysis	 ﾠof	 ﾠwater	 ﾠprovides	 ﾠthe	 ﾠ
remaining	 ﾠ4%	 ﾠ(Balat	 ﾠand	 ﾠBalat	 ﾠ2009).	 ﾠ	 ﾠ	 ﾠ
	 ﾠ All	 ﾠthese	 ﾠprocesses	 ﾠ(save	 ﾠelectrolysis)	 ﾠutilize	 ﾠhigh	 ﾠtemperatures	 ﾠand	 ﾠ
pressures	 ﾠto	 ﾠstrip	 ﾠhydrogen	 ﾠfrom	 ﾠheavier	 ﾠmolecules.	 ﾠSteam	 ﾠreformation	 ﾠreacts	 ﾠ
water	 ﾠvapor	 ﾠat	 ﾠtemperatures	 ﾠup	 ﾠto	 ﾠ1100ºC	 ﾠwith	 ﾠa	 ﾠfossil	 ﾠfuel	 ﾠ(usually	 ﾠnatural	 ﾠgas)	 ﾠto	 ﾠ
create	 ﾠhydrogen	 ﾠgas	 ﾠ(H2)	 ﾠand	 ﾠcarbon	 ﾠmonoxide	 ﾠ(CO).	 ﾠ	 ﾠThe	 ﾠCO	 ﾠfurther	 ﾠreacts	 ﾠwith	 ﾠ  110	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lower	 ﾠtemperature	 ﾠsteam	 ﾠto	 ﾠcreate	 ﾠmore	 ﾠH2	 ﾠand	 ﾠCO2.	 ﾠ	 ﾠPartial	 ﾠoxidation	 ﾠis	 ﾠa	 ﾠsimilar	 ﾠ
process	 ﾠwhich	 ﾠpartially	 ﾠcombusts	 ﾠcarbon-ﾭ‐based	 ﾠfuel	 ﾠin	 ﾠa	 ﾠreformer	 ﾠto	 ﾠcreate	 ﾠH2	 ﾠand	 ﾠ
CO.	 ﾠ	 ﾠCoal	 ﾠgasification	 ﾠreacts	 ﾠcoal	 ﾠwith	 ﾠoxygen	 ﾠ(O2)	 ﾠand	 ﾠsteam	 ﾠunder	 ﾠhigh	 ﾠ
temperature	 ﾠand	 ﾠpressure	 ﾠto	 ﾠcreate	 ﾠH2	 ﾠand	 ﾠCO.	 ﾠCleaning	 ﾠCO	 ﾠfrom	 ﾠthe	 ﾠH2	 ﾠgas	 ﾠis	 ﾠa	 ﾠ
necessary	 ﾠfinal	 ﾠstep	 ﾠin	 ﾠall	 ﾠthese	 ﾠprocesses.	 ﾠ
	 ﾠ Electrolysis	 ﾠis	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠpassing	 ﾠan	 ﾠelectrical	 ﾠcurrent	 ﾠthrough	 ﾠwater	 ﾠto	 ﾠ
split	 ﾠH2O	 ﾠmolecules	 ﾠinto	 ﾠH2	 ﾠand	 ﾠO2	 ﾠgases.	 ﾠThis	 ﾠcould	 ﾠbe	 ﾠan	 ﾠecologically	 ﾠsustainable	 ﾠ
and	 ﾠlow-ﾭ‐carbon	 ﾠmethod	 ﾠfor	 ﾠproducing	 ﾠhydrogen	 ﾠwhen	 ﾠelectricity	 ﾠused	 ﾠin	 ﾠthis	 ﾠ
process	 ﾠcomes	 ﾠfrom	 ﾠrenewable	 ﾠsources.	 ﾠ	 ﾠHowever,	 ﾠa	 ﾠhigh	 ﾠvolume	 ﾠrenewably	 ﾠ
produced	 ﾠhydrogen	 ﾠscenario	 ﾠis	 ﾠnot	 ﾠlikely	 ﾠto	 ﾠdevelop	 ﾠin	 ﾠthe	 ﾠnext	 ﾠ10	 ﾠyears.	 ﾠA	 ﾠstudy	 ﾠ
looking	 ﾠat	 ﾠoffshore	 ﾠwind	 ﾠdevelopment	 ﾠin	 ﾠIndia	 ﾠindicated	 ﾠthat	 ﾠhydrogen	 ﾠfuel	 ﾠ
produced	 ﾠvia	 ﾠrenewable	 ﾠenergy	 ﾠand	 ﾠused	 ﾠfor	 ﾠtransportation	 ﾠcould	 ﾠbe	 ﾠmarketable	 ﾠas	 ﾠ
soon	 ﾠas	 ﾠ2020	 ﾠ(Mathur	 ﾠ2008).	 ﾠ
	 ﾠ Figure	 ﾠA-ﾭ‐5	 ﾠshows	 ﾠthe	 ﾠvarious	 ﾠcosts	 ﾠand	 ﾠemissions	 ﾠfor	 ﾠdifferent	 ﾠhydrogen	 ﾠ
production	 ﾠprocesses.	 ﾠ	 ﾠHydrogen	 ﾠproduced	 ﾠfrom	 ﾠnatural	 ﾠgas	 ﾠis	 ﾠthe	 ﾠmost	 ﾠ
economically	 ﾠefficient	 ﾠand	 ﾠthe	 ﾠtechnology	 ﾠis	 ﾠmature,	 ﾠmaking	 ﾠit	 ﾠthe	 ﾠmost	 ﾠpractical	 ﾠ
option	 ﾠfor	 ﾠthe	 ﾠnear	 ﾠfuture.	 ﾠ	 ﾠElectrolysis	 ﾠpowered	 ﾠvia	 ﾠrenewables	 ﾠis	 ﾠthe	 ﾠleast	 ﾠcarbon	 ﾠ
intensive	 ﾠprocess,	 ﾠbut	 ﾠalso	 ﾠone	 ﾠof	 ﾠthe	 ﾠmost	 ﾠcostly	 ﾠdue	 ﾠmainly	 ﾠto	 ﾠthe	 ﾠexpensive	 ﾠ
source	 ﾠof	 ﾠelectricity.	 ﾠ	 ﾠAs	 ﾠrenewable	 ﾠtechnology	 ﾠcosts	 ﾠcome	 ﾠdown	 ﾠso	 ﾠtoo	 ﾠwill	 ﾠthe	 ﾠcost	 ﾠ
of	 ﾠhydrogen	 ﾠfrom	 ﾠrenewables.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
Figure A-5: Costs and Carbon Intensity of Hydrogen Production Methods (Winter 2009, 
originally from Wietschel et al. 2004).   111	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Electricity	 ﾠproduction	 ﾠ
  Since	 ﾠelectricity	 ﾠand	 ﾠits	 ﾠinfrastructure	 ﾠare	 ﾠalready	 ﾠwidely	 ﾠused	 ﾠthere	 ﾠis	 ﾠno	 ﾠ
significant	 ﾠbarrier	 ﾠto	 ﾠits	 ﾠproduction	 ﾠfor	 ﾠvehicles.	 ﾠ	 ﾠHowever,	 ﾠone	 ﾠof	 ﾠthe	 ﾠmain	 ﾠ
incentives	 ﾠfor	 ﾠusing	 ﾠelectric	 ﾠvehicles	 ﾠis	 ﾠto	 ﾠreduce	 ﾠGHG	 ﾠemissions,	 ﾠand	 ﾠso	 ﾠthe	 ﾠ
question	 ﾠremains	 ﾠhow	 ﾠand	 ﾠwhen	 ﾠwill	 ﾠthe	 ﾠelectrical	 ﾠgrid	 ﾠbe	 ﾠable	 ﾠto	 ﾠsupply	 ﾠlow-ﾭ‐GHG	 ﾠ
power,	 ﾠthereby	 ﾠimproving	 ﾠthe	 ﾠWTW	 ﾠemission	 ﾠprofile	 ﾠof	 ﾠelectric	 ﾠvehicles.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ Renewably	 ﾠproduced	 ﾠelectricity	 ﾠcomprised	 ﾠnearly	 ﾠ19%	 ﾠof	 ﾠglobal	 ﾠelectrical	 ﾠ
consumption	 ﾠin	 ﾠ2006	 ﾠand	 ﾠis	 ﾠprojected	 ﾠto	 ﾠrise	 ﾠto	 ﾠ20%	 ﾠby	 ﾠ2015	 ﾠand	 ﾠ21%	 ﾠby	 ﾠ2030	 ﾠ
(EIA	 ﾠIEO	 ﾠ2009).	 ﾠThis	 ﾠseemingly	 ﾠmeager	 ﾠincrease	 ﾠis	 ﾠdue	 ﾠto	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠoverall	 ﾠ
electricity	 ﾠdemand	 ﾠmay	 ﾠincrease	 ﾠby	 ﾠas	 ﾠmuch	 ﾠas	 ﾠ77%	 ﾠfrom	 ﾠ2006	 ﾠto	 ﾠ2030.	 ﾠRenewable	 ﾠ
capacity	 ﾠitself	 ﾠwill	 ﾠincrease	 ﾠby	 ﾠ2.9%	 ﾠannually	 ﾠunder	 ﾠthis	 ﾠscenario.	 ﾠIn	 ﾠ2008,	 ﾠ
renewables	 ﾠcomprised	 ﾠover	 ﾠ50%	 ﾠof	 ﾠall	 ﾠnewly	 ﾠadded	 ﾠelectrical	 ﾠcapacity	 ﾠin	 ﾠthe	 ﾠUS	 ﾠ
and	 ﾠEurope	 ﾠcombined,	 ﾠor	 ﾠ276.7	 ﾠGW	 ﾠ(Martinot	 ﾠand	 ﾠSawin	 ﾠ2009).	 ﾠThe	 ﾠEIA	 ﾠprojection	 ﾠ
does	 ﾠnot	 ﾠappear	 ﾠto	 ﾠinclude	 ﾠincreased	 ﾠcosts	 ﾠof	 ﾠGHG	 ﾠemissions,	 ﾠwhich	 ﾠwould	 ﾠlikely	 ﾠ
stimulate	 ﾠfaster	 ﾠgrowth	 ﾠof	 ﾠrenewable	 ﾠelectricity	 ﾠproduction.	 ﾠ	 ﾠ
Hydrogen	 ﾠvehicles	 ﾠ
	 ﾠ Hydrogen	 ﾠis	 ﾠnot	 ﾠa	 ﾠnew	 ﾠtransportation	 ﾠfuel.	 ﾠ	 ﾠIt	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠin	 ﾠinternal	 ﾠ
combustion	 ﾠengines	 ﾠ(ICEs)	 ﾠof	 ﾠcars,	 ﾠtrains,	 ﾠships	 ﾠand	 ﾠother	 ﾠapplications	 ﾠprior	 ﾠto	 ﾠthe	 ﾠ
1930s.	 ﾠHydrogen	 ﾠgas	 ﾠis	 ﾠcompletely	 ﾠfree	 ﾠof	 ﾠcarbon	 ﾠand	 ﾠburns	 ﾠcleanly	 ﾠin	 ﾠan	 ﾠICE	 ﾠwith	 ﾠ
minimal	 ﾠparticulate	 ﾠmatter	 ﾠ(PM),	 ﾠnitrogen	 ﾠoxide	 ﾠ(NOx)	 ﾠand	 ﾠcarbon	 ﾠdioxide	 ﾠ(CO2)	 ﾠ
emissions.	 ﾠ	 ﾠHydrogen-ﾭ‐fuel	 ﾠcell	 ﾠvehicles	 ﾠare	 ﾠmore	 ﾠthan	 ﾠtwice	 ﾠas	 ﾠefficient	 ﾠas	 ﾠ
conventional	 ﾠICE-ﾭ‐gasoline	 ﾠvehicles	 ﾠ(and	 ﾠare	 ﾠ50%	 ﾠmore	 ﾠenergy	 ﾠefficient	 ﾠthan	 ﾠICE-ﾭ‐
electric	 ﾠmotor	 ﾠhybrids)	 ﾠand	 ﾠemit	 ﾠonly	 ﾠwater	 ﾠas	 ﾠa	 ﾠbyproduct.	 ﾠ	 ﾠ
	 ﾠ In	 ﾠaddition	 ﾠto	 ﾠcarbon	 ﾠemission	 ﾠreduction,	 ﾠother	 ﾠbenefits	 ﾠof	 ﾠusing	 ﾠhydrogen	 ﾠ
as	 ﾠa	 ﾠtransportation	 ﾠfuel	 ﾠinclude	 ﾠthe	 ﾠpossibility	 ﾠfor	 ﾠdecentralized	 ﾠfuel	 ﾠproduction	 ﾠ
and	 ﾠrefueling,	 ﾠcomplete	 ﾠdisplacement	 ﾠof	 ﾠfossil	 ﾠfuel	 ﾠuse	 ﾠif	 ﾠthe	 ﾠhydrogen	 ﾠis	 ﾠproduced	 ﾠ
from	 ﾠrenewable	 ﾠenergy,	 ﾠand	 ﾠthe	 ﾠability	 ﾠof	 ﾠhydrogen	 ﾠvehicles	 ﾠto	 ﾠact	 ﾠas	 ﾠrenewable	 ﾠ
energy	 ﾠstorage	 ﾠdevices.	 ﾠ	 ﾠFuel	 ﾠcell	 ﾠvehicles	 ﾠare	 ﾠquieter	 ﾠand	 ﾠgenerally	 ﾠconsidered	 ﾠas	 ﾠ
safe	 ﾠor	 ﾠsafer	 ﾠthan	 ﾠgasoline	 ﾠor	 ﾠdiesel	 ﾠvehicles	 ﾠif	 ﾠthe	 ﾠhydrogen	 ﾠfuel	 ﾠis	 ﾠhandled	 ﾠ
appropriately.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ The	 ﾠlargest	 ﾠbarrier	 ﾠto	 ﾠhydrogen	 ﾠvehicle	 ﾠuse	 ﾠis	 ﾠthe	 ﾠpresent	 ﾠeconomic	 ﾠ
infeasibility	 ﾠof	 ﾠmass-ﾭ‐marketing	 ﾠthe	 ﾠtechnology.	 ﾠ	 ﾠFuel	 ﾠcells,	 ﾠhydrogen	 ﾠstorage	 ﾠ
devices,	 ﾠfueling	 ﾠinfrastructure,	 ﾠand	 ﾠhydrogen	 ﾠproduction	 ﾠare	 ﾠall	 ﾠcurrently	 ﾠvery	 ﾠ
costly.	 ﾠ	 ﾠOvercoming	 ﾠthese	 ﾠkinds	 ﾠof	 ﾠeconomic	 ﾠand	 ﾠlogistical	 ﾠbarriers	 ﾠwill	 ﾠrequire	 ﾠ
substantial	 ﾠpolitical	 ﾠwill	 ﾠand	 ﾠpublic	 ﾠfunding	 ﾠinto	 ﾠthe	 ﾠforeseeable	 ﾠfuture,	 ﾠanother	 ﾠ
impediment	 ﾠin	 ﾠits	 ﾠown	 ﾠright.	 ﾠHowever,	 ﾠshould	 ﾠhydrogen	 ﾠtransportation	 ﾠbecome	 ﾠ
economically	 ﾠviable,	 ﾠit	 ﾠprovides	 ﾠan	 ﾠopportunity	 ﾠfor	 ﾠsignificantly	 ﾠreducing	 ﾠGHG	 ﾠ
emissions.	 ﾠ
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Electric	 ﾠvehicles	 ﾠ
	 ﾠ Electricity	 ﾠhas	 ﾠbeen	 ﾠused	 ﾠto	 ﾠpower	 ﾠvehicles	 ﾠsince	 ﾠsoon	 ﾠafter	 ﾠthe	 ﾠinvention	 ﾠof	 ﾠ
the	 ﾠelectric	 ﾠbattery	 ﾠin	 ﾠthe	 ﾠmid	 ﾠ19th	 ﾠcentury.	 ﾠ	 ﾠHere	 ﾠthe	 ﾠterm	 ﾠ'electric	 ﾠvehicle'	 ﾠ
includes	 ﾠbattery-ﾭ‐powered	 ﾠelectric	 ﾠvehicles	 ﾠ(BEVs)	 ﾠand	 ﾠplug-ﾭin	 ﾠhybrid	 ﾠelectric	 ﾠ
vehicles	 ﾠ(PHEV).	 ﾠ	 ﾠ
	 ﾠ BEVs	 ﾠrun	 ﾠentirely	 ﾠon	 ﾠbattery	 ﾠpower	 ﾠfor	 ﾠthe	 ﾠduration	 ﾠof	 ﾠthe	 ﾠvehicle's	 ﾠ
operation	 ﾠand	 ﾠelectrical	 ﾠgrid	 ﾠpower	 ﾠcharges	 ﾠthe	 ﾠbattery.	 ﾠ	 ﾠPHEVs	 ﾠrun	 ﾠon	 ﾠa	 ﾠbattery	 ﾠfor	 ﾠ
a	 ﾠcertain	 ﾠdistance,	 ﾠreferred	 ﾠto	 ﾠas	 ﾠthe	 ﾠall-ﾭ‐electric	 ﾠrange	 ﾠ(AER)	 ﾠin	 ﾠcharge-ﾭ‐depleting	 ﾠ
mode	 ﾠand	 ﾠcan	 ﾠbe	 ﾠrecharged	 ﾠwith	 ﾠgrid	 ﾠelectricity	 ﾠjust	 ﾠlike	 ﾠBEVs.	 ﾠHowever,	 ﾠthey	 ﾠalso	 ﾠ
have	 ﾠthe	 ﾠflexibility	 ﾠto	 ﾠswitch	 ﾠto	 ﾠan	 ﾠalternative	 ﾠonboard	 ﾠfuel	 ﾠsource	 ﾠwhen	 ﾠthe	 ﾠbattery	 ﾠ
runs	 ﾠout,	 ﾠsuch	 ﾠas	 ﾠgasoline,	 ﾠbiofuels	 ﾠor	 ﾠeven	 ﾠhydrogen,	 ﾠgiving	 ﾠthem	 ﾠlonger	 ﾠrange	 ﾠ
than	 ﾠBEVs	 ﾠ(Table	 ﾠA-ﾭ‐2).	 ﾠ	 ﾠBoth	 ﾠtechnologies	 ﾠbenefit	 ﾠfrom	 ﾠregenerative	 ﾠbreaking	 ﾠto	 ﾠ
maintain	 ﾠbattery	 ﾠcharge	 ﾠlonger.	 ﾠ
	 ﾠ BEVs	 ﾠand	 ﾠPHEVs	 ﾠare	 ﾠcurrently	 ﾠenjoying	 ﾠa	 ﾠrenaissance	 ﾠof	 ﾠpopularity	 ﾠas	 ﾠ
political	 ﾠsupport	 ﾠwanes	 ﾠfor	 ﾠhydrogen	 ﾠvehicles.	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠUS	 ﾠPresident	 ﾠObama's	 ﾠ
announced	 ﾠin	 ﾠMarch	 ﾠ2009	 ﾠthat	 ﾠ$2.4	 ﾠbillion	 ﾠin	 ﾠgovernment	 ﾠstimulus	 ﾠspending	 ﾠwould	 ﾠ
be	 ﾠdevoted	 ﾠto	 ﾠputting	 ﾠ1,000,000	 ﾠelectric	 ﾠvehicles	 ﾠon	 ﾠthe	 ﾠroad	 ﾠby	 ﾠ2015.	 ﾠ	 ﾠPresident	 ﾠ
Bush's	 ﾠvision	 ﾠof	 ﾠa	 ﾠhydrogen	 ﾠeconomy,	 ﾠannounced	 ﾠin	 ﾠ2003,	 ﾠwas	 ﾠnot	 ﾠrevisited.	 ﾠ	 ﾠCar	 ﾠ
manufacturer	 ﾠRenault	 ﾠdecided	 ﾠin	 ﾠ2009	 ﾠto	 ﾠshift	 ﾠall	 ﾠfunding	 ﾠaway	 ﾠfrom	 ﾠhydrogen	 ﾠ
vehicle	 ﾠdevelopment	 ﾠand	 ﾠdevote	 ﾠall	 ﾠlow	 ﾠemission	 ﾠvehicle	 ﾠR&D	 ﾠand	 ﾠdemonstration	 ﾠ
efforts	 ﾠto	 ﾠelectrical	 ﾠapplications	 ﾠ(Dennis	 ﾠ2009b).	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ
   
Table A-2. Comparing Hydrogen and  Electrical Fuel and Vehicle Parameters 
  Unit  Hydrogen  Electricity 
Vehicle range
15   miles  100-190 (up to 400 has 
been demonstrated)
16 
BEV: 240 AER	 ﾠ
PHEV: 40 AER, 640 (hybrid 
range)
17 
Fuel cost  US$/GGE
18  Onsite NG SMR: 1.54  US current electric mix: 1.42 
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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
15	 ﾠ300	 ﾠmiles	 ﾠis	 ﾠconsidered	 ﾠcomercially	 ﾠacceptable	 ﾠvehicle	 ﾠrange	 ﾠ
16	 ﾠCAFCP	 ﾠ2009	 ﾠ
17	 ﾠMadslien	 ﾠ2009	 ﾠ
18	 ﾠGGE:	 ﾠgasoline	 ﾠgallon	 ﾠequivalent.	 ﾠ	 ﾠHydrogen	 ﾠcalculations	 ﾠassume	 ﾠ132	 ﾠMJ/kg	 ﾠH2,	 ﾠ132	 ﾠMJ/gallon	 ﾠ
gasoline,	 ﾠ0.5	 ﾠfuel	 ﾠcell	 ﾠefficiency,	 ﾠ0.22	 ﾠICE	 ﾠefficiency.	 ﾠ	 ﾠH2	 ﾠprices	 ﾠfrom	 ﾠThomas	 ﾠ2008	 ﾠ(US$/kg):	 ﾠ3.49	 ﾠ
Onsite	 ﾠNG	 ﾠSMR,	 ﾠ5.88	 ﾠOnsite	 ﾠelectrolysis,	 ﾠ8.90	 ﾠWind/electrolysis.	 ﾠElectricity	 ﾠcalculations	 ﾠassume	 ﾠ0.22	 ﾠ
ICE	 ﾠefficiency,	 ﾠ0.68	 ﾠcombined	 ﾠbattery	 ﾠand	 ﾠelectric	 ﾠmotor	 ﾠefficiency	 ﾠand	 ﾠaverage	 ﾠUS	 ﾠresidential	 ﾠ
electricity	 ﾠprice	 ﾠfor	 ﾠApril	 ﾠ2009.	 ﾠWind	 ﾠelectricity	 ﾠprice:	 ﾠUS$0.07;	 ﾠSolar	 ﾠelectricity	 ﾠprice:	 ﾠUS$0.24	 ﾠ
(Evans	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠ  113	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Onsite electrolysis: 2.59  All wind: 0.83  	 ﾠ 	 ﾠ
Wind/offsite electrolysis: 
3.92 













%  18-26 (renewables) 
14-26 (NG SMR) 
58-72 (renewables) 






8.0 (0.61 for 100kW fuel cell) 24 
 
 






  •  Less complex refueling 
process 
•  Cheaper fuel cells 
•  Smaller, lighter fuel 
cells 
•  More efficient fuel 
production from 
renewables 
•  Longer range 
•  CCS technology would 
make wider variety of 
feedstocks feasible 
•  Shorter charging time 
•  Cheaper batteries 
•  Smaller, lighter batteries 
•  More efficient production 
of electricity from renewables 
•  Longer range 
•  CCS technology would 
make wider variety of 
feedstocks feasible 
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19	 ﾠCARB	 ﾠ2009	 ﾠDetailed	 ﾠCalifornia	 ﾠModified	 ﾠGREET	 ﾠPathway	 ﾠfor	 ﾠCompressed	 ﾠGaseous	 ﾠHydrogen	 ﾠfrom	 ﾠ
North	 ﾠAmerican	 ﾠNatural	 ﾠGas	 ﾠ
20	 ﾠCARB	 ﾠ2009	 ﾠ	 ﾠDetailed	 ﾠCalifornia-ﾭ‐Modified	 ﾠGREET	 ﾠPathway	 ﾠfor	 ﾠCalifornia	 ﾠAverage	 ﾠand	 ﾠMarginal	 ﾠ
Electricity	 ﾠ
21	 ﾠProduced	 ﾠfrom	 ﾠNorth	 ﾠAmerican	 ﾠnatural	 ﾠgas	 ﾠvia	 ﾠsteam	 ﾠmethane	 ﾠreformation	 ﾠ(SMR)	 ﾠoffsite	 ﾠand	 ﾠ
shipped	 ﾠto	 ﾠfueling	 ﾠstations	 ﾠvia	 ﾠtruck	 ﾠ
22	 ﾠDepends	 ﾠhighly	 ﾠon	 ﾠrange	 ﾠof	 ﾠvehicle	 ﾠand	 ﾠproduction	 ﾠmethod	 ﾠof	 ﾠfuel.	 ﾠ
23	 ﾠPage	 ﾠ2009,	 ﾠCARB	 ﾠ2009,	 ﾠCampanari	 ﾠ2009	 ﾠ
24	 ﾠPehnt	 ﾠ2001	 ﾠ
25	 ﾠEIO-ﾭ‐LCA	 ﾠ2009,	 ﾠSamaras	 ﾠand	 ﾠMeisterling	 ﾠ2008	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Vehicle design 
flexibility 
  Smaller storage volume 
than EVs allows for more 
flexibility, vehicle size is 
limited  
Poor for vehicles with high 




kW/kg  Fuel cell: 0.27-1.5
27  Motor: 1.5
28 
 





Liquid H2: 8.85 
Gas H2: 6.85
30 
Li-ion: 0.30-0.47  
NiMH: 0.13-0.20
31 
90 AER: 250 kg	 ﾠ
Energy storage 
system volume  
(L to travel 
300 miles)
32 
Fuel cell and CG H2 tank: 
300 




miles (years)  Fuel cell: 57,000 – 
150,000 
34 (4 - 10) 
Battery: 100,000 – 180,000 
35  
(6 – 12) 
Fuel cell: 73-100
36  Electric motor: 30
37  Technology cost  US$/kWh 
Storage: 6  Battery: 500-1000
38 
Total	 ﾠvehicle	 ﾠ	 ﾠ
consumer	 ﾠcost	 ﾠ
US$	 ﾠ Too early to tell 




System Fill time   
6 minutes for full 5 kg tank 40  2 hours (PHEV)-10 hours 
(BEV) for full charge
41 
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A	 ﾠcomparison	 ﾠof	 ﾠTables	 ﾠA-ﾭ‐3	 ﾠand	 ﾠA-ﾭ‐4	 ﾠreveals	 ﾠan	 ﾠinternational	 ﾠtrend	 ﾠin	 ﾠwhich	 ﾠ
several	 ﾠgovernment	 ﾠhydrogen	 ﾠprograms	 ﾠhave	 ﾠbeen	 ﾠabandoned	 ﾠor	 ﾠat	 ﾠleast	 ﾠnot	 ﾠ
mentioned	 ﾠagain	 ﾠsince	 ﾠ2005	 ﾠwhile	 ﾠpublic	 ﾠsupport	 ﾠfor	 ﾠelectric	 ﾠvehicles	 ﾠhas	 ﾠbeen	 ﾠ
growing	 ﾠrapidly	 ﾠover	 ﾠthe	 ﾠpast	 ﾠtwo	 ﾠyears.	 ﾠThis	 ﾠis	 ﾠlikely	 ﾠdue	 ﾠto	 ﾠthe	 ﾠfact	 ﾠthat	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 ﾠThomas	 ﾠ2008	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vehicles	 ﾠare	 ﾠmuch	 ﾠcloser	 ﾠto	 ﾠmass	 ﾠmarket	 ﾠavailability,	 ﾠtheir	 ﾠfueling	 ﾠrequires	 ﾠfewer	 ﾠ
modifications	 ﾠand	 ﾠadditions	 ﾠto	 ﾠexisting	 ﾠinfrastructure,	 ﾠand	 ﾠthey	 ﾠmore	 ﾠefficiently	 ﾠuse	 ﾠ
renewably	 ﾠproduced	 ﾠelectricity	 ﾠthan	 ﾠhydrogen	 ﾠvehicles	 ﾠ(to	 ﾠbe	 ﾠdiscussed	 ﾠfurther	 ﾠ
below).	 ﾠOne	 ﾠconsulting	 ﾠfirm	 ﾠprojects	 ﾠworldwide	 ﾠannual	 ﾠincreases	 ﾠof	 ﾠ1-ﾭ‐5	 ﾠmillion	 ﾠ
PHEVS	 ﾠand	 ﾠBEVS	 ﾠon	 ﾠthe	 ﾠroad	 ﾠover	 ﾠthe	 ﾠnext	 ﾠdecade	 ﾠ(Hirschey	 ﾠ2009).	 ﾠHowever,	 ﾠ
electricity	 ﾠis	 ﾠnot	 ﾠsuitable	 ﾠfor	 ﾠall	 ﾠtransportation	 ﾠapplications	 ﾠ(e.g.	 ﾠair	 ﾠtravel)	 ﾠand	 ﾠthe	 ﾠ
technology	 ﾠstill	 ﾠhas	 ﾠseveral	 ﾠbarriers	 ﾠto	 ﾠovercome,	 ﾠsuch	 ﾠas	 ﾠbattery	 ﾠcost	 ﾠand	 ﾠsize,	 ﾠ
before	 ﾠit	 ﾠcan	 ﾠachieve	 ﾠsignificant	 ﾠmarket-ﾭ‐penetration	 ﾠof	 ﾠover	 ﾠ10%	 ﾠof	 ﾠlight-ﾭ‐vehicle	 ﾠ
sales	 ﾠ	 ﾠ(Balducci	 ﾠ2008).	 ﾠ
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$2 million for station 
construction 
$4.5 million additional costs 
(maintenance, training, 
operation) 
$1.9 million per fuel cell bus 
2 fueling stations installed 
2003 and 2008 to service 3 
fuel cell buses,14 
hydrogen cars (10 ICE, 4 
fuel cell); now shifting 
more towards electric cars 






Hydrogen and Fuel 
Cell Demonstration 
Project (2002) 
$200 million for R&D on 
feasibility of various 
hydrogen technologies 
11 fueling stations in 
Tokyo 
Estimate: hydrogen 
providing 4% of energy 
consumption by 2030 
EU
58  European 
Commission, High 
Level Group on 
Hydrogen and Fuel 
Cells (2002) 
$4 billion from 2004-2015 
for R&D 
$1.36 billion from 2007-
2013 to accelerate market 
entry for hydrogen/fuel cells 
to before 2020 
 
California
59  Fuel Cell Partnership 
(1999), Zero 
Emission Vehicle 
$180 million from 2009-
2013 to install 46 fueling 
Hundreds of 
demonstration fuel cell 
vehicles have been 
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 ﾠSolomon	 ﾠ2006	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 ﾠEuropa	 ﾠ2007	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Program, Low 
Carbon Standard for 
Trans. Fuels 
stations  deployed, 23 operational 
fueling stations 
Michigan, Ohio  „Next Energy“ Plan 
(2002) 
$150 million total for R&D 
over 3-5 years 
 
US  FreedomCAR and 
Fuel Program (2003) 
$1.7 billion in research 
funding to reduce costs of  
fuel, storage, and fuel cells 
US National Research 
Council determined some 
goals were too aggressive 
Canada  Technologies 
Partnership Program 
(2003) 
$215 million committed to 
R&D and demonstration 
projects 
 





$15 million for R$D, 
biomass-to-hydrogen 
demonstration 
8 fuel cell buses since 
2001, original goal of 200 
fuel cell buses by 2006; 
first fuel cell bus deployed 
2009 
India  Ministry of Non-
Conventional Energy 
Sources  
Significant portion of 
departmental spending goes 
to hydrogen research and 
demonstration 
1 hydrogen/CNG fueling 
station in New Dehli 
China
60  National High 
Technology Program 
(2001-2005) 
$12 million for PEM fuel 
cell development and 
demonstration 
12 fuel cell buses in Beijing 
and Shanghai 
Shifting focus now more 
towards hybrid, electric 
and ethanol vehicles 
South Korea  Ministry of Science 
and Technology 
(2004) 
$843 million until 2020 to 
cut dependence on fossil 
fuels by 20% (dedicated 
hydrogen research included) 
 
 
Although over the past decade billions of dollars have been spent around the 
world researching and demonstrating hydrogen vehicle technology, it is still very far 
from being competitive against other alternative fuel options.  Programs that intended to 
aggressively deploy hundreds or even thousands of hydrogen vehicles within a timeframe 
of 5-10 years were scaled back or abandoned, and many countries are now looking at 
more immediate options for addressing oil dependence and GHG emissions within the 
transport sector (e.g. hybrid-electric and biofuel vehicles).	 ﾠ
Table A-4. Electric Vehicle Incentive Programs and Demonstrations 
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Geographic Area  Program  Costs 
American Reinvestment and 
Recovery Act (2009), 
Transportation Electrification 
and Electric Drive Vehicle 
Battery and Component 
Manufacturing Initiatives 
$2.4 billion to put 1 million plug-in hybrid 
vehicles on US roads by 2015 
US
61 
American Clean Energy and 
Security Act (2009, not yet 
approved by US Senate) 
Various EV support includes: requiring utilities 
to install PEV fueling infrastructure, 
encourages large scale deployment of EVs in 
various regions and incentivizes   
manufacturers to produce EVs 
Spain
62  Proyecto Movele (2008)  $381 million put 1 million plug-in and  hybrid 
vehicles on Spain's roads by 2012 
EU  European Green Car Initiative 
(2008) 
$72.7 million for "electromobility" 
demonstration project and  infrastructure  
China
63  Ministry of Science and 
Technology, Ministry of 
Finance 
$8,800 subsidy to private and government 
vehicle fleets to purchase Evs. Government 
also plans to provide support to automotive 
industry to become leader in EV 
manufacturing. 
Germany
64  National Development Plan on 
Electric-Drive Vehicles, 
Federal Ministry for 
Environment (2009) 
$727 million for R&D through 2012 to support 
producing 1 million EVs by 2020, 5 million by 
2030 
UK
65  Ministry of Transportation 
(2009) 
$7930 subsidies for purchasing EVs 
$32,000 subsidies for recharging infrastructure 
	 ﾠ
Barriers	 ﾠto	 ﾠHydrogen	 ﾠTransport	 ﾠ
	 ﾠ Hydrogen	 ﾠvehicle	 ﾠtechnology	 ﾠhas	 ﾠlong	 ﾠbeen	 ﾠentrenched	 ﾠin	 ﾠthe	 ﾠdemonstration	 ﾠ
phase	 ﾠand	 ﾠstill	 ﾠfaces	 ﾠtwo	 ﾠsignificant	 ﾠbarriers	 ﾠbefore	 ﾠit	 ﾠbecomes	 ﾠeconomically	 ﾠ
competitive	 ﾠwith	 ﾠgasoline	 ﾠhybrid-ﾭ‐electric	 ﾠvehicles.	 ﾠ
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 ﾠ	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 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	 ﾠ
61	 ﾠUS	 ﾠDOE	 ﾠEERE	 ﾠ2009	 ﾠPresident	 ﾠObama	 ﾠ
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 ﾠDoggett	 ﾠ2008,	 ﾠProyecto	 ﾠMovele	 ﾠ2009,	 ﾠHill	 ﾠ2008	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 ﾠBradsher	 ﾠ2009	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64	 ﾠDFEM	 ﾠ2009	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 ﾠMadslien	 ﾠ2009	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 ﾠ The	 ﾠfirst	 ﾠis	 ﾠthe	 ﾠlack	 ﾠof	 ﾠfueling	 ﾠinfrastructure.	 ﾠMuch	 ﾠof	 ﾠthe	 ﾠworld’s	 ﾠexisting	 ﾠ
light	 ﾠvehicle	 ﾠfueling	 ﾠinfrastructure	 ﾠaccommodates	 ﾠliquid	 ﾠpetroleum	 ﾠfuels,	 ﾠnot	 ﾠgas.	 ﾠ
Since	 ﾠconsumers	 ﾠdo	 ﾠnot	 ﾠwant	 ﾠa	 ﾠvehicle	 ﾠpowered	 ﾠby	 ﾠan	 ﾠunavailable	 ﾠfuel,	 ﾠthere	 ﾠis	 ﾠno	 ﾠ
significant	 ﾠmarket	 ﾠdemand	 ﾠfor	 ﾠhydrogen	 ﾠvehicles.	 ﾠ	 ﾠConversely,	 ﾠuntil	 ﾠthere	 ﾠis	 ﾠa	 ﾠfleet	 ﾠ
of	 ﾠhydrogen	 ﾠvehicles	 ﾠready	 ﾠto	 ﾠutilize	 ﾠthe	 ﾠfuel	 ﾠthere	 ﾠis	 ﾠno	 ﾠeconomic	 ﾠincentive	 ﾠfor	 ﾠfuel	 ﾠ
providers	 ﾠto	 ﾠsell	 ﾠhydrogen.	 ﾠ
	 ﾠ To	 ﾠaddress	 ﾠthis	 ﾠproblem,	 ﾠhydrogen	 ﾠwould	 ﾠhave	 ﾠto	 ﾠbe	 ﾠinitially	 ﾠproduced	 ﾠin	 ﾠa	 ﾠ
decentralized	 ﾠfashion.	 ﾠ	 ﾠUnder	 ﾠthis	 ﾠscenario	 ﾠtax	 ﾠincentives	 ﾠor	 ﾠgrants	 ﾠwould	 ﾠbe	 ﾠ
available	 ﾠto	 ﾠthe	 ﾠexisting	 ﾠfueling	 ﾠindustry	 ﾠto	 ﾠprovide	 ﾠSMRs	 ﾠat	 ﾠgasoline	 ﾠand/or	 ﾠnatural	 ﾠ
gas	 ﾠfueling	 ﾠstations.	 ﾠ	 ﾠThe	 ﾠhydrogen	 ﾠwould	 ﾠbe	 ﾠproduced	 ﾠonsite,	 ﾠmost	 ﾠlikely	 ﾠfor	 ﾠ
municipal,	 ﾠstate,	 ﾠor	 ﾠfederally	 ﾠowned	 ﾠfleet	 ﾠvehicles.	 ﾠGovernments	 ﾠwould	 ﾠthereby	 ﾠ
create	 ﾠthe	 ﾠdemand	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠvehicles	 ﾠand	 ﾠinfrastructure	 ﾠdevelopment.	 ﾠ	 ﾠAs	 ﾠfueling	 ﾠ
availability	 ﾠincreases	 ﾠprivate	 ﾠdemand	 ﾠfor	 ﾠhydrogen	 ﾠvehicles	 ﾠwould	 ﾠhave	 ﾠthe	 ﾠ
potential	 ﾠto	 ﾠgrow	 ﾠuntil	 ﾠthere	 ﾠis	 ﾠeconomic	 ﾠincentive	 ﾠto	 ﾠproduce	 ﾠhydrogen	 ﾠmore	 ﾠ
efficiently	 ﾠoffsite	 ﾠat	 ﾠa	 ﾠpower	 ﾠplant.	 ﾠ
Various	 ﾠcost	 ﾠprojections	 ﾠof	 ﾠthis	 ﾠinfrastructure	 ﾠdevelopment	 ﾠstrategy	 ﾠinclude:	 ﾠ
•  Increasing	 ﾠannual	 ﾠcosts	 ﾠreaching	 ﾠUS$35	 ﾠbillion/year	 ﾠby	 ﾠ2100	 ﾠfor	 ﾠa	 ﾠ
complete	 ﾠUS	 ﾠhydrogen	 ﾠrefueling	 ﾠsystem	 ﾠ(Thomas	 ﾠ2008).	 ﾠ
•  A	 ﾠmore	 ﾠexpensive	 ﾠestimate	 ﾠfor	 ﾠthe	 ﾠEU:	 ﾠthe	 ﾠinvestment	 ﾠcost	 ﾠfor	 ﾠa	 ﾠhydrogen	 ﾠ
transportation	 ﾠsystem	 ﾠwould	 ﾠtotal	 ﾠUS$89.5	 ﾠbillion	 ﾠby	 ﾠ2027	 ﾠ(with	 ﾠ17,000	 ﾠ
stations	 ﾠservicing	 ﾠ500,000	 ﾠcars).	 ﾠThis	 ﾠhas	 ﾠthe	 ﾠpotential	 ﾠto	 ﾠhalve	 ﾠEU	 ﾠ
transportation	 ﾠCO2	 ﾠemissions	 ﾠby	 ﾠ2050	 ﾠ(Bento	 ﾠ2008).	 ﾠ
	 ﾠ The	 ﾠsecond	 ﾠmajor	 ﾠbarrier	 ﾠto	 ﾠmarket	 ﾠentry	 ﾠof	 ﾠhydrogen	 ﾠvehicles	 ﾠis	 ﾠthat	 ﾠthe	 ﾠ
technology	 ﾠis	 ﾠlargely	 ﾠpremature.	 ﾠ	 ﾠHydrogen	 ﾠvehicles	 ﾠmay	 ﾠenter	 ﾠthe	 ﾠmarket	 ﾠin	 ﾠa	 ﾠ
significant	 ﾠway	 ﾠsometime	 ﾠbetween	 ﾠ2015	 ﾠand	 ﾠ2050.	 ﾠThe	 ﾠhigh	 ﾠlevel	 ﾠof	 ﾠuncertainty	 ﾠis	 ﾠ
due	 ﾠto	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠ(1)	 ﾠsignificant	 ﾠtechnological	 ﾠbreakthroughs,	 ﾠ(2)	 ﾠproduction	 ﾠcost	 ﾠ
reduction	 ﾠand	 ﾠ(3)	 ﾠa	 ﾠstrategy	 ﾠfor	 ﾠmaking	 ﾠhydrogen	 ﾠvehicles	 ﾠand	 ﾠfueling	 ﾠequipment	 ﾠ
more	 ﾠuser	 ﾠfriendly.	 ﾠ	 ﾠ
	 ﾠ Technological	 ﾠbreakthroughs	 ﾠare	 ﾠneeded	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠefficiency	 ﾠof	 ﾠ
hydrogen	 ﾠproduction,	 ﾠstorage	 ﾠand	 ﾠfuel	 ﾠcells.	 ﾠ	 ﾠThough	 ﾠfuel	 ﾠcells	 ﾠcould	 ﾠtheoretically	 ﾠ
reach	 ﾠefficiences	 ﾠof	 ﾠ80%,	 ﾠthey	 ﾠcurrently	 ﾠachieve	 ﾠa	 ﾠmaximum	 ﾠof	 ﾠ58%	 ﾠ(Solomon	 ﾠ2006,	 ﾠ
CAFP	 ﾠ2009).	 ﾠSystem	 ﾠlevel	 ﾠinefficiencies	 ﾠare	 ﾠconsidered	 ﾠone	 ﾠof	 ﾠthe	 ﾠlargest	 ﾠbarriers	 ﾠto	 ﾠ
marketability	 ﾠof	 ﾠhydrogen	 ﾠvehicles,	 ﾠespecially	 ﾠwhen	 ﾠcompared	 ﾠto	 ﾠbattery	 ﾠelectric	 ﾠ
vehicles	 ﾠ(see	 ﾠFigure	 ﾠ10).	 ﾠFuel	 ﾠcells	 ﾠalso	 ﾠneed	 ﾠto	 ﾠachieve	 ﾠa	 ﾠlonger	 ﾠlifespan	 ﾠof	 ﾠ5,000	 ﾠ
operating	 ﾠhours	 ﾠto	 ﾠbe	 ﾠdeemed	 ﾠmarketable	 ﾠby	 ﾠthe	 ﾠUS	 ﾠDepartment	 ﾠof	 ﾠEnergy	 ﾠ(DOE).	 ﾠ
They	 ﾠcurrently	 ﾠachieve	 ﾠ1,900	 ﾠhours.	 ﾠ
	 ﾠ Furthermore,	 ﾠfuel	 ﾠcells	 ﾠand	 ﾠhydrogen	 ﾠstorage	 ﾠdevices	 ﾠ(both	 ﾠon-ﾭ‐	 ﾠand	 ﾠoffboard)	 ﾠ
are	 ﾠvery	 ﾠexpensive	 ﾠto	 ﾠproduce.	 ﾠFuel	 ﾠcells	 ﾠcost	 ﾠat	 ﾠleast	 ﾠUS$73/kW,	 ﾠwith	 ﾠa	 ﾠgoal	 ﾠof	 ﾠ
US$30/kW	 ﾠin	 ﾠ2015	 ﾠ(CAFP	 ﾠ2009).	 ﾠ	 ﾠOnboard	 ﾠvehicle	 ﾠhydrogen	 ﾠstorage	 ﾠcosts	 ﾠabout	 ﾠ
US$6/kWh	 ﾠwith	 ﾠa	 ﾠUS$2/kWh	 ﾠ2015	 ﾠgoal.	 ﾠ	 ﾠThe	 ﾠincreasing	 ﾠuse	 ﾠof	 ﾠfuel	 ﾠcells	 ﾠin	 ﾠ
stationary	 ﾠand	 ﾠsmall,	 ﾠportable	 ﾠapplications	 ﾠwill	 ﾠaid	 ﾠtheir	 ﾠcommercial	 ﾠdevelopment	 ﾠ
for	 ﾠvehicles.	 ﾠ  120	 ﾠ
	 ﾠ Finally,	 ﾠhydrogen	 ﾠvehicle	 ﾠfueling	 ﾠtechnology	 ﾠis	 ﾠfairly	 ﾠcomplex,	 ﾠmuch	 ﾠmore	 ﾠso	 ﾠ
than	 ﾠfor	 ﾠliquid	 ﾠpetroleum	 ﾠfuels,	 ﾠwhich	 ﾠwill	 ﾠmake	 ﾠit	 ﾠdifficult	 ﾠfor	 ﾠthe	 ﾠgeneral	 ﾠpublic	 ﾠto	 ﾠ
readily	 ﾠadopt	 ﾠit	 ﾠeven	 ﾠwithout	 ﾠeconomic	 ﾠdisparities.	 ﾠ	 ﾠSome	 ﾠproponents	 ﾠof	 ﾠhydrogen	 ﾠ
vehicles	 ﾠhave	 ﾠeven	 ﾠsuggested	 ﾠrobotized	 ﾠrefueling	 ﾠto	 ﾠmake	 ﾠthe	 ﾠprocess	 ﾠuser-ﾭ‐
friendlier,	 ﾠan	 ﾠadditional	 ﾠcost	 ﾠto	 ﾠfueling	 ﾠinfrastructure	 ﾠif	 ﾠit	 ﾠis	 ﾠneeded	 ﾠ(Winter	 ﾠ2009).	 ﾠ
 
Barriers	 ﾠto	 ﾠElectric	 ﾠTransport	 ﾠ
Electric	 ﾠvehicles	 ﾠalso	 ﾠface	 ﾠbarriers	 ﾠto	 ﾠmarket	 ﾠentry,	 ﾠthough	 ﾠthey	 ﾠare	 ﾠmuch	 ﾠ
closer	 ﾠto	 ﾠbeing	 ﾠcommercially	 ﾠavailable	 ﾠthan	 ﾠhydrogen	 ﾠvehicles.	 ﾠ	 ﾠOne	 ﾠindicator	 ﾠof	 ﾠthis	 ﾠ
is	 ﾠthe	 ﾠpopularity	 ﾠof	 ﾠ	 ﾠhybrid	 ﾠelectric	 ﾠvehicles	 ﾠ(HEVs),	 ﾠhundreds	 ﾠof	 ﾠthousands	 ﾠof	 ﾠwhich	 ﾠ
are	 ﾠbeing	 ﾠsold	 ﾠworld	 ﾠwide	 ﾠannually	 ﾠand	 ﾠare	 ﾠprojected	 ﾠto	 ﾠreach	 ﾠmarket	 ﾠpenetration	 ﾠ
between	 ﾠ3-ﾭ‐16%	 ﾠof	 ﾠall	 ﾠlight	 ﾠvehicles	 ﾠsold	 ﾠin	 ﾠthe	 ﾠUS	 ﾠby	 ﾠ2015	 ﾠ(Simpson	 ﾠ2006,	 ﾠBalducci	 ﾠ
2008).	 ﾠThe	 ﾠchallenges	 ﾠthat	 ﾠremain	 ﾠfor	 ﾠall-ﾭ‐electric	 ﾠvehicles	 ﾠ(BEVs,	 ﾠPHEVs)	 ﾠare	 ﾠ
technological	 ﾠand	 ﾠlogistical.	 ﾠ
	 ﾠ First,	 ﾠthe	 ﾠrequirements	 ﾠof	 ﾠfueling	 ﾠinfrastructure	 ﾠand	 ﾠcapacity	 ﾠof	 ﾠthe	 ﾠelectric	 ﾠ
grid	 ﾠto	 ﾠrecharge	 ﾠEV	 ﾠbatteries	 ﾠare	 ﾠimportant	 ﾠconsiderations.	 ﾠThe	 ﾠfueling	 ﾠ
infrastructure	 ﾠfor	 ﾠEVs	 ﾠis	 ﾠless	 ﾠcostly	 ﾠto	 ﾠdeploy	 ﾠthan	 ﾠfor	 ﾠhydrogen,	 ﾠrequiring	 ﾠonly	 ﾠ
recharging	 ﾠstations	 ﾠwith	 ﾠconventional	 ﾠoutlets	 ﾠconnected	 ﾠto	 ﾠthe	 ﾠexisting	 ﾠelectrical	 ﾠ
grid,	 ﾠwhich	 ﾠare	 ﾠestimated	 ﾠto	 ﾠcost	 ﾠaround	 ﾠUS$2000	 ﾠper	 ﾠcommercial	 ﾠcharging	 ﾠstation	 ﾠ
(Morrow	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠAnother	 ﾠoption	 ﾠwould	 ﾠbe	 ﾠto	 ﾠhave	 ﾠfueling	 ﾠstations	 ﾠremove	 ﾠ
depleted	 ﾠbatteries	 ﾠfrom	 ﾠvehicles	 ﾠand	 ﾠprovide	 ﾠfully	 ﾠcharged	 ﾠbatteries	 ﾠto	 ﾠdrivers,	 ﾠ
thereby	 ﾠhelping	 ﾠthem	 ﾠavoid	 ﾠlengthy	 ﾠrecharging	 ﾠtimes.	 ﾠThis	 ﾠprocess	 ﾠis	 ﾠbeing	 ﾠ
developed	 ﾠand	 ﾠcan	 ﾠreplace	 ﾠa	 ﾠ550	 ﾠlb	 ﾠcar	 ﾠbattery	 ﾠin	 ﾠ90	 ﾠseconds	 ﾠ(Wüst	 ﾠ2009).	 ﾠA	 ﾠUS	 ﾠ
study	 ﾠshowed	 ﾠthere	 ﾠis	 ﾠsufficient	 ﾠoff-ﾭ‐peak	 ﾠelectrical	 ﾠcapacity	 ﾠto	 ﾠcharge	 ﾠ185	 ﾠmillion	 ﾠ
EVs	 ﾠovernight,	 ﾠor	 ﾠ75%	 ﾠof	 ﾠthe	 ﾠcurrent	 ﾠUS	 ﾠpassenger	 ﾠvehicle	 ﾠfleet	 ﾠ(Schneider	 ﾠet	 ﾠal.	 ﾠ
2008).	 ﾠSimilar	 ﾠstudies	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠthe	 ﾠEuropean	 ﾠgrid	 ﾠcan	 ﾠaccomodate	 ﾠ20%	 ﾠof	 ﾠ
their	 ﾠvehicle	 ﾠfleet	 ﾠrunning	 ﾠon	 ﾠelectricity	 ﾠ(EC	 ﾠDGJRC	 ﾠ2009).	 ﾠWhile	 ﾠusing	 ﾠoff-ﾭ‐peak	 ﾠ
electricity	 ﾠwill	 ﾠresult	 ﾠin	 ﾠoverall	 ﾠincreased	 ﾠgrid	 ﾠefficiencies,	 ﾠit	 ﾠwill	 ﾠstill	 ﾠresult	 ﾠin	 ﾠ
greater	 ﾠwear	 ﾠand	 ﾠtear	 ﾠof	 ﾠthe	 ﾠgrid,	 ﾠespecially	 ﾠfor	 ﾠtransformers	 ﾠ(Blumsack	 ﾠ2008).	 ﾠ	 ﾠThis	 ﾠ
would	 ﾠresult	 ﾠin	 ﾠhigher	 ﾠmaintenance	 ﾠcosts.	 ﾠ
	 ﾠ Secondly,	 ﾠthe	 ﾠbatteries	 ﾠthemselves	 ﾠare	 ﾠproblematic	 ﾠcomponents	 ﾠof	 ﾠEVs.	 ﾠThe	 ﾠ
weight,	 ﾠsize,	 ﾠcost	 ﾠand	 ﾠlifetime	 ﾠof	 ﾠbatteries	 ﾠmust	 ﾠbe	 ﾠoptimized	 ﾠto	 ﾠimprove	 ﾠthe	 ﾠ
marketability	 ﾠand	 ﾠAER	 ﾠof	 ﾠEVs.	 ﾠLarger	 ﾠbatteries	 ﾠprovide	 ﾠlonger	 ﾠAERs	 ﾠand	 ﾠweigh	 ﾠfrom	 ﾠ
50	 ﾠlbs	 ﾠfor	 ﾠlimited-ﾭ‐AER	 ﾠPHEVs	 ﾠto	 ﾠ1000	 ﾠlbs	 ﾠfor	 ﾠhighway	 ﾠcapable	 ﾠ200-ﾭ‐mile	 ﾠAER	 ﾠBEVs	 ﾠ
(Shiau	 ﾠand	 ﾠSamaras	 ﾠ2009).	 ﾠGiven	 ﾠthe	 ﾠtrade-ﾭ‐off	 ﾠbetween	 ﾠbattery	 ﾠsize	 ﾠand	 ﾠvehicle	 ﾠfuel	 ﾠ
efficiency,	 ﾠresearchers	 ﾠare	 ﾠtrying	 ﾠto	 ﾠreduce	 ﾠbattery	 ﾠweight	 ﾠwhile	 ﾠmaintaining	 ﾠ
desired	 ﾠAER.	 ﾠ	 ﾠMost	 ﾠof	 ﾠtoday's	 ﾠEV	 ﾠmodels	 ﾠuse	 ﾠNiMH	 ﾠ(nickel-ﾭ‐metal	 ﾠhydride)	 ﾠbatteries,	 ﾠ
but	 ﾠthe	 ﾠnext	 ﾠgeneration	 ﾠwill	 ﾠuse	 ﾠLi-ﾭ‐ion	 ﾠbatteries,	 ﾠwhich	 ﾠare	 ﾠmore	 ﾠcompact	 ﾠand	 ﾠ
lightweight	 ﾠbut	 ﾠalso	 ﾠmore	 ﾠexpensive.	 ﾠ	 ﾠA	 ﾠmore	 ﾠpromising	 ﾠtechnology	 ﾠis	 ﾠlithium-ﾭ‐air	 ﾠ
batteries,	 ﾠwhich	 ﾠare	 ﾠat	 ﾠleast	 ﾠ5	 ﾠyears	 ﾠaway	 ﾠfrom	 ﾠvehicle	 ﾠdemonstration	 ﾠbut	 ﾠmay	 ﾠbe	 ﾠ
able	 ﾠto	 ﾠprovide	 ﾠ10	 ﾠtimes	 ﾠthe	 ﾠenergy	 ﾠof	 ﾠregular	 ﾠLi-ﾭ‐ion	 ﾠbatteries	 ﾠat	 ﾠone-ﾭ‐tenth	 ﾠthe	 ﾠ
weight	 ﾠ(Phipps	 ﾠ2009).	 ﾠ	 ﾠ
	 ﾠ Thirdly,	 ﾠthe	 ﾠincremental	 ﾠcost	 ﾠof	 ﾠEVs	 ﾠcompared	 ﾠto	 ﾠgasoline	 ﾠICEs	 ﾠand	 ﾠHEVs	 ﾠis	 ﾠ
significant.	 ﾠ	 ﾠIn	 ﾠthe	 ﾠlong	 ﾠterm	 ﾠPHEVs	 ﾠwith	 ﾠan	 ﾠAER	 ﾠof	 ﾠ40	 ﾠmiles	 ﾠare	 ﾠestimated	 ﾠto	 ﾠbe	 ﾠat	 ﾠ  121	 ﾠ
least	 ﾠ$11,000	 ﾠmore	 ﾠexpensive	 ﾠthan	 ﾠgasoline	 ﾠICE	 ﾠvehicles	 ﾠ(Simpson	 ﾠ2006).	 ﾠThe	 ﾠ
battery	 ﾠis	 ﾠthe	 ﾠmost	 ﾠexpensive	 ﾠcomponent	 ﾠof	 ﾠEVs,	 ﾠwith	 ﾠa	 ﾠcost	 ﾠof	 ﾠ$30,000	 ﾠor	 ﾠmore	 ﾠfor	 ﾠ
BEVs	 ﾠ(US	 ﾠBTS	 ﾠ2001,	 ﾠWüst	 ﾠ2009).	 ﾠLower	 ﾠbattery	 ﾠcosts	 ﾠand	 ﾠhigher	 ﾠpetroleum	 ﾠcosts	 ﾠ
will	 ﾠmake	 ﾠthem	 ﾠmore	 ﾠcompetitive,	 ﾠalong	 ﾠwith	 ﾠother	 ﾠgovernment	 ﾠincentives	 ﾠsuch	 ﾠas	 ﾠ
tax	 ﾠrebates	 ﾠand	 ﾠsubsidies	 ﾠ(Simpson	 ﾠ2006).	 ﾠWhen	 ﾠtaking	 ﾠinto	 ﾠaccount	 ﾠthe	 ﾠfuel	 ﾠ
savings,	 ﾠPHEVs	 ﾠcould	 ﾠbe	 ﾠup	 ﾠto	 ﾠ$11,000	 ﾠcheaper	 ﾠthan	 ﾠconventional	 ﾠICE	 ﾠvehicles	 ﾠover	 ﾠ
their	 ﾠlifetime.66	 ﾠHowever,	 ﾠthe	 ﾠhigh	 ﾠsticker	 ﾠprice	 ﾠfor	 ﾠhighway	 ﾠcapable	 ﾠBEVs,	 ﾠas	 ﾠmuch	 ﾠ
as	 ﾠ$100,000	 ﾠfor	 ﾠsome	 ﾠcurrent	 ﾠmodels,	 ﾠrequires	 ﾠsubstantial	 ﾠreduction	 ﾠbefore	 ﾠthey	 ﾠ
can	 ﾠbe	 ﾠmass-ﾭ‐marketed	 ﾠ(Tesla	 ﾠMotors	 ﾠ2009).	 ﾠ	 ﾠ	 ﾠ
	 ﾠBroader	 ﾠEnvironmental	 ﾠand	 ﾠSocial	 ﾠImpacts	 ﾠ
	 ﾠ There	 ﾠis	 ﾠsome	 ﾠconcern	 ﾠthat	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠwater	 ﾠduring	 ﾠthe	 ﾠprocess	 ﾠof	 ﾠ
electrolysis	 ﾠwould	 ﾠimpact	 ﾠfresh	 ﾠwater	 ﾠsupplies.	 ﾠHowever,	 ﾠhydrogen	 ﾠproduction	 ﾠfor	 ﾠ
all	 ﾠcurrent	 ﾠpassenger	 ﾠvehicles	 ﾠin	 ﾠthe	 ﾠUS,	 ﾠincluding	 ﾠrenewable	 ﾠenergy	 ﾠinfrastructure	 ﾠ
construction,	 ﾠwould	 ﾠrequire	 ﾠroughly	 ﾠthe	 ﾠsame	 ﾠamount	 ﾠwater	 ﾠthat	 ﾠis	 ﾠrequired	 ﾠfor	 ﾠ
annual	 ﾠUS	 ﾠgasoline	 ﾠproduction	 ﾠ(Turner	 ﾠ2004).	 ﾠFurthermore,	 ﾠhydrogen	 ﾠmay	 ﾠbe	 ﾠ
produced	 ﾠfrom	 ﾠocean	 ﾠwater	 ﾠvia	 ﾠoffshore	 ﾠwind	 ﾠturbines	 ﾠin	 ﾠthe	 ﾠnear	 ﾠfuture,	 ﾠreducing	 ﾠ
the	 ﾠdemand	 ﾠfor	 ﾠfresh	 ﾠwater	 ﾠ(Mathur	 ﾠ2008).	 ﾠ
	 ﾠ With	 ﾠincreased	 ﾠfuel	 ﾠcell	 ﾠvehicle	 ﾠproduction,	 ﾠthe	 ﾠenvironmental	 ﾠimpact	 ﾠof	 ﾠ
increased	 ﾠplatinum	 ﾠgroup	 ﾠmetals	 ﾠ(PGM)	 ﾠmining	 ﾠwould	 ﾠbecome	 ﾠa	 ﾠconcern.	 ﾠ	 ﾠPlatinum	 ﾠ
is	 ﾠthe	 ﾠcatalyst	 ﾠused	 ﾠin	 ﾠthe	 ﾠlow-ﾭ‐temperature	 ﾠfuel	 ﾠcells	 ﾠsuitable	 ﾠfor	 ﾠtransportation,	 ﾠand	 ﾠ
is	 ﾠone	 ﾠof	 ﾠthe	 ﾠreasons	 ﾠfuel	 ﾠcells	 ﾠare	 ﾠso	 ﾠexpensive.	 ﾠIt	 ﾠis	 ﾠfound	 ﾠpredominantly	 ﾠin	 ﾠRussia	 ﾠ
and	 ﾠSouth	 ﾠAfrica,	 ﾠwhich	 ﾠdoes	 ﾠnot	 ﾠbode	 ﾠwell	 ﾠfor	 ﾠenergy	 ﾠindependence,	 ﾠand	 ﾠthe	 ﾠ
mining	 ﾠprocess	 ﾠis	 ﾠvery	 ﾠenergy	 ﾠand	 ﾠlabor	 ﾠintensive.	 ﾠ	 ﾠProducing	 ﾠone	 ﾠounce	 ﾠof	 ﾠplatinum	 ﾠ
requires	 ﾠprocessing	 ﾠ7-ﾭ‐12	 ﾠtonnes	 ﾠof	 ﾠore	 ﾠ(UNCTAD	 ﾠ2009).	 ﾠIn	 ﾠthe	 ﾠfuture	 ﾠplatinum	 ﾠ
could	 ﾠbe	 ﾠrecycled,	 ﾠwhich	 ﾠmay	 ﾠreduce	 ﾠenvironmental	 ﾠimpacts,	 ﾠor	 ﾠreplaced	 ﾠby	 ﾠanother	 ﾠ
suitable	 ﾠmetal,	 ﾠwhich	 ﾠis	 ﾠalready	 ﾠa	 ﾠgoal	 ﾠof	 ﾠresearchers	 ﾠin	 ﾠorder	 ﾠto	 ﾠreduce	 ﾠfuel	 ﾠcell	 ﾠ
cost.	 ﾠ
	 ﾠ Future	 ﾠhydrogen	 ﾠvehicles	 ﾠwill	 ﾠmost	 ﾠlikely	 ﾠrequire	 ﾠbatteries	 ﾠto	 ﾠachieve	 ﾠ
commericially	 ﾠacceptable	 ﾠrange.	 ﾠVery	 ﾠrecently	 ﾠmajor	 ﾠcar	 ﾠmanufacturers	 ﾠhave	 ﾠsigned	 ﾠ
a	 ﾠletter	 ﾠof	 ﾠunderstanding	 ﾠindicating	 ﾠtheir	 ﾠdedication	 ﾠto	 ﾠproducing	 ﾠhundreds	 ﾠof	 ﾠ
thousands	 ﾠof	 ﾠhybrid	 ﾠbattery	 ﾠelectric-ﾭ‐fuel	 ﾠcell	 ﾠcars	 ﾠworldwide	 ﾠby	 ﾠ2015	 ﾠ(Daimler	 ﾠ
2009).	 ﾠ
	 ﾠ Similarly,	 ﾠelectric	 ﾠvehicles	 ﾠare	 ﾠonly	 ﾠas	 ﾠclean	 ﾠas	 ﾠtheir	 ﾠsource	 ﾠof	 ﾠelectricity.	 ﾠ	 ﾠEVs	 ﾠ
will	 ﾠlikely	 ﾠbe	 ﾠcharged	 ﾠovernight,	 ﾠutilizing	 ﾠoff-ﾭ‐peak	 ﾠelectricity	 ﾠgenerators.	 ﾠWhile	 ﾠthis	 ﾠ
reduces	 ﾠthe	 ﾠneed	 ﾠfor	 ﾠadditional	 ﾠcapacity,	 ﾠit	 ﾠalso	 ﾠmeans	 ﾠthat	 ﾠin	 ﾠthe	 ﾠnear	 ﾠand	 ﾠmedium	 ﾠ
term	 ﾠmost	 ﾠof	 ﾠthis	 ﾠelectricity	 ﾠwill	 ﾠcome	 ﾠfrom	 ﾠcoal	 ﾠplants,	 ﾠand	 ﾠusing	 ﾠEVs	 ﾠwould	 ﾠ
increase	 ﾠtransportation	 ﾠGHG	 ﾠemissions	 ﾠon	 ﾠa	 ﾠper	 ﾠvehicle	 ﾠbasis.	 ﾠUnder	 ﾠa	 ﾠbusiness	 ﾠas	 ﾠ
usual,	 ﾠcarbon	 ﾠintensive	 ﾠscenario	 ﾠfor	 ﾠthe	 ﾠUS	 ﾠelectrical	 ﾠgrid,	 ﾠmeaning	 ﾠincreasing	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
66	 ﾠCalculation	 ﾠassumes	 ﾠvehicles	 ﾠdrive	 ﾠ15,000	 ﾠmiles	 ﾠper	 ﾠyear	 ﾠfor	 ﾠ15	 ﾠyears;	 ﾠbase	 ﾠgasoline	 ﾠICE	 ﾠvehicle	 ﾠ
cost	 ﾠ=	 ﾠ$28,000;	 ﾠcost	 ﾠof	 ﾠgasoline	 ﾠ=	 ﾠ$3.00/gallon;	 ﾠcost	 ﾠof	 ﾠelectricity	 ﾠ=	 ﾠ$1.42/GGE;	 ﾠbase	 ﾠcost	 ﾠof	 ﾠPHEV	 ﾠ=	 ﾠ
$40,000;	 ﾠefficiency	 ﾠof	 ﾠPHEV	 ﾠ=	 ﾠ146	 ﾠmpg	 ﾠfor	 ﾠAER,	 ﾠ50	 ﾠmpg	 ﾠfor	 ﾠnon-ﾭ‐electric	 ﾠoperation;	 ﾠproportion	 ﾠof	 ﾠ
PHEV	 ﾠoperation	 ﾠusing	 ﾠelectricity	 ﾠonly	 ﾠ=	 ﾠ47-ﾭ‐76%	 ﾠ(Samaras	 ﾠand	 ﾠMeisterling	 ﾠ2008);	 ﾠbase	 ﾠcost	 ﾠof	 ﾠBEV	 ﾠ=	 ﾠ
$100,000;	 ﾠefficiency	 ﾠof	 ﾠBEV	 ﾠ=	 ﾠ178	 ﾠmpg	 ﾠ  122	 ﾠ
numbers	 ﾠof	 ﾠcoal	 ﾠplants	 ﾠproviding	 ﾠelectricity	 ﾠwithout	 ﾠCCS,	 ﾠthe	 ﾠlifecycle	 ﾠGHG	 ﾠimpact	 ﾠof	 ﾠ
a	 ﾠPHEV	 ﾠwould	 ﾠbe	 ﾠ9-ﾭ‐18%	 ﾠhigher	 ﾠthan	 ﾠfor	 ﾠa	 ﾠgasoline	 ﾠHEV	 ﾠ(Samaras	 ﾠ2008).	 ﾠOnly	 ﾠin	 ﾠa	 ﾠ
low-ﾭ‐carbon	 ﾠelectrical	 ﾠgrid	 ﾠwould	 ﾠPHEVs	 ﾠand	 ﾠBEVs	 ﾠprovide	 ﾠGHG	 ﾠreduction	 ﾠbenefits.	 ﾠ
	 ﾠ Like	 ﾠfuel	 ﾠcells,	 ﾠthe	 ﾠbattery	 ﾠproduction	 ﾠprocess	 ﾠis	 ﾠhighly	 ﾠenergy-ﾭ‐intense.	 ﾠ
Battery	 ﾠproduction	 ﾠamounts	 ﾠto	 ﾠ2-ﾭ‐5%	 ﾠof	 ﾠlifecycle	 ﾠenergy	 ﾠuse	 ﾠof	 ﾠa	 ﾠPHEV	 ﾠ(Samaras	 ﾠ
2008).	 ﾠEstimates	 ﾠput	 ﾠthe	 ﾠGHG	 ﾠcontribution	 ﾠof	 ﾠbattery	 ﾠproduction	 ﾠto	 ﾠelectric	 ﾠvehicle	 ﾠ
lifecycle	 ﾠemissions	 ﾠat	 ﾠ10	 ﾠgCO2e/km	 ﾠ(Samaras	 ﾠand	 ﾠMeisterling	 ﾠ2008).	 ﾠLithium	 ﾠ
extraction	 ﾠand	 ﾠrefining	 ﾠmay	 ﾠalso	 ﾠpresent	 ﾠenvironmental	 ﾠproblems.	 ﾠTo	 ﾠoutfit	 ﾠ60	 ﾠ
million	 ﾠvehicles	 ﾠwith	 ﾠLi-ﾭ‐ion	 ﾠbatteries	 ﾠwould	 ﾠrequire	 ﾠat	 ﾠleast	 ﾠsix	 ﾠtimes	 ﾠthe	 ﾠglobal	 ﾠ
annual	 ﾠproduction	 ﾠof	 ﾠlithium	 ﾠ(McDougall	 ﾠ2009).	 ﾠThis	 ﾠentails	 ﾠhigh	 ﾠlevels	 ﾠof	 ﾠwater	 ﾠuse,	 ﾠ
especially	 ﾠin	 ﾠthe	 ﾠdeveloping	 ﾠcountries,	 ﾠsuch	 ﾠas	 ﾠBolivia	 ﾠand	 ﾠChile,	 ﾠand	 ﾠdesert	 ﾠareas	 ﾠ
where	 ﾠlithium	 ﾠis	 ﾠfound	 ﾠin	 ﾠabundance	 ﾠ(Jaskula	 ﾠ2009).	 ﾠUltimately	 ﾠa	 ﾠmore	 ﾠsustainable	 ﾠ
anode	 ﾠwill	 ﾠhave	 ﾠto	 ﾠreplace	 ﾠlithium	 ﾠif	 ﾠall	 ﾠthe	 ﾠworld's	 ﾠvehicles	 ﾠare	 ﾠto	 ﾠrun	 ﾠon	 ﾠelectricity.	 ﾠ	 ﾠ
 
Life	 ﾠCycle	 ﾠAnalysis:	 ﾠEfficiencies	 ﾠand	 ﾠCarbon	 ﾠEmissions	 ﾠ
Figure A-6. Efficiencies of Fuel Pathway Steps for Six Fuel/Engine Technologies.  
LH2 Offsite= Liquid hydrogen produced offsite via North American (NA) natural gas steam 
reformation and transported via truck to fueling stations; FC= fuel cell (assumed efficiency: 
50%); CG H2 Onsite SMR= Compressed gaseous hydrogen produced at fueling stations 
from steam reformed pipeline NA natural gas; RE= produced via renewable energy; EM = 
electric motor (electric vehicles are assumed to be BEV, no efficiency is lost in engine); 
Electricity Mix = California average electricity from various feedstocks; Gas ICE= Gasoline 
used in an internal combustion egine (assumed efficiency: 22%). Feedstock refers to 
recovery of raw primary materials to generate electricity or produce hydrogen. Production 
refers to both electricity generation and hydrogen production. Distribution/Storing refers to 
both electrical distribution via grid and hydrogen distribution (via truck for LH2 and 
pipeline for offsite CG H2) and storage. Onboard storage refers to both electrical battery 
and hydrogen tank. Propulsion refers to fuel cell, electric motor and internal combustion 
engine. Energy remaining is the free energy available to propel the vehicle.   123	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Figure A-7. Greenhouse Gas Emissions of Fuel Pathways for Six Fuel/Engine Technologies.  
gCO2e/MJ = grams of GHG in CO2 climate change potential equivalents emitted per MJ of 
fuel used. Emissions from renewable energy come from upstream plant manufacturing and 
infrastructure deployment, assuming 86% wind and 14% solar photovoltaics (current US 
mix). 
	 ﾠ
Comparing	 ﾠHydrogen	 ﾠand	 ﾠElectricity	 ﾠ
  While both hydrogen and electricity can provide low-carbon transportation when 
generated from renewable sources, electricity is over three times as efficient at powering 
vehicles with renewable energy as compared to hydrogen. If hydrogen vehicles could 
reach a theoretical maximum fuel cell efficiency of 80%, pathway efficiency would 
increase to 28%, still half as much as the electric vehicle pathway. 
  However, when hydrogen is decentrally produced from SMR and electricity 
comes from the existing, non-renewable grid mix, the hydrogen pathway is more 
efficient and provides greater GHG emissions reductions. The SMR technology is 
mature now and could be deployed to fueling stations throughout the country to establish 
a hydrogen fueling infrastructure. The limiting factor is commercially available 
hydrogen vehicles, which are not likely to penetrate the market until at least 2015.   
  Based on Campanari's model, which incorporates variability in vehicle range, 
BEVs are more energy efficient than liquid hydrogen vehicles only up to 300-400 km 
(190-250 miles) due to the increasing size of battery needed for higher ranges (2009). 
Liquid hydrogen is more efficient for ranges higher than approximately 400 km, except 
when electricity comes completely from renewables. Then the electric car is more 
efficient for ranges greater than 800 km (500 miles).  A CACFP survey showed that 46% 
of people expect range of at least 300 miles, a range where liquid hydrogen is currently 
more efficient if electricity is coming from the existing grid. For electric vehicles to be 
more efficient than their hydrogen counterparts battery weight must be reduced for high 
AERs.   124	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Methane-ﾭ‐based	 ﾠfuels:	 ﾠCNG,	 ﾠLNG,	 ﾠBiomethane	 ﾠ
	 ﾠ Compressed	 ﾠnatural	 ﾠgas	 ﾠ(CNG),	 ﾠliquid	 ﾠnatural	 ﾠgas	 ﾠ(LNG)	 ﾠand	 ﾠbiomethane	 ﾠare	 ﾠ
all	 ﾠmethane-ﾭ‐based	 ﾠ(CH4)	 ﾠfuels	 ﾠand	 ﾠhave	 ﾠrelatively	 ﾠlow	 ﾠcarbon	 ﾠcontent	 ﾠcompared	 ﾠto	 ﾠ
other	 ﾠfossil	 ﾠfuels,	 ﾠmaking	 ﾠthem	 ﾠgood	 ﾠcandidates	 ﾠfor	 ﾠlowering	 ﾠtransportation	 ﾠcarbon	 ﾠ
emissions.	 ﾠ	 ﾠNatural	 ﾠgas	 ﾠis	 ﾠextracted	 ﾠfrom	 ﾠreservoirs	 ﾠ1-ﾭ‐8	 ﾠkm	 ﾠunder	 ﾠthe	 ﾠground	 ﾠbelow	 ﾠ
geologic	 ﾠtraps	 ﾠof	 ﾠimpermeable	 ﾠrock.	 ﾠAfter	 ﾠit	 ﾠis	 ﾠpumped	 ﾠto	 ﾠthe	 ﾠsurface	 ﾠit	 ﾠtravels	 ﾠby	 ﾠ
pipeline	 ﾠto	 ﾠa	 ﾠprocessing	 ﾠplant	 ﾠand	 ﾠis	 ﾠrefined	 ﾠby	 ﾠremoving	 ﾠheavier	 ﾠhydrocarbons	 ﾠand	 ﾠ
other	 ﾠgaseous	 ﾠimpurities	 ﾠsuch	 ﾠas	 ﾠcarbon	 ﾠdioxide	 ﾠand	 ﾠhydrogen	 ﾠsulfide.	 ﾠFor	 ﾠCNG,	 ﾠit	 ﾠ
is	 ﾠcompressed	 ﾠto	 ﾠpressures	 ﾠranging	 ﾠfrom	 ﾠ200-ﾭ‐1500	 ﾠpsi	 ﾠand	 ﾠinjected	 ﾠinto	 ﾠpipelines,	 ﾠ
whereby	 ﾠit	 ﾠis	 ﾠdistributed	 ﾠto	 ﾠend-ﾭ‐use	 ﾠapplications,	 ﾠsuch	 ﾠas	 ﾠa	 ﾠvehicle	 ﾠor	 ﾠpower	 ﾠplant.	 ﾠ
The	 ﾠprocessed	 ﾠgas	 ﾠcan	 ﾠbe	 ﾠalso	 ﾠcooled	 ﾠto	 ﾠ-ﾭ‐160°C	 ﾠat	 ﾠnear	 ﾠatmospheric	 ﾠpressures	 ﾠto	 ﾠ
make	 ﾠLNG,	 ﾠwhich	 ﾠis	 ﾠdistributed	 ﾠby	 ﾠtanker	 ﾠor	 ﾠtruck.	 ﾠ	 ﾠLNG	 ﾠis	 ﾠmore	 ﾠthan	 ﾠtwice	 ﾠas	 ﾠ
energy	 ﾠdense	 ﾠas	 ﾠCNG,	 ﾠbut	 ﾠonly	 ﾠhas	 ﾠ60%	 ﾠof	 ﾠthe	 ﾠenergy	 ﾠdensity	 ﾠof	 ﾠdiesel.	 ﾠ	 ﾠ	 ﾠ	 ﾠ
	 ﾠ Natural	 ﾠgas	 ﾠvehicles	 ﾠemit	 ﾠvery	 ﾠlow	 ﾠlevels	 ﾠof	 ﾠparticulate	 ﾠmatter	 ﾠ(PM),	 ﾠ
nitrogen	 ﾠoxides	 ﾠ(NOx),	 ﾠcarbon	 ﾠmonoxide	 ﾠ(CO)	 ﾠand	 ﾠcan	 ﾠreduce	 ﾠcarbon	 ﾠemissions	 ﾠby	 ﾠ
up	 ﾠto	 ﾠ25%	 ﾠfor	 ﾠheavy-ﾭ‐duty	 ﾠvehicles	 ﾠ(US	 ﾠDOE	 ﾠAFAVDC	 ﾠ2009).	 ﾠThe	 ﾠvehicle	 ﾠtechnology,	 ﾠ
which	 ﾠuses	 ﾠlarge	 ﾠcompressed	 ﾠgas	 ﾠstorage	 ﾠtanks	 ﾠand	 ﾠspark	 ﾠignition	 ﾠICEs,	 ﾠis	 ﾠ
particularly	 ﾠmature	 ﾠfor	 ﾠheavy-ﾭ‐duty	 ﾠapplications,	 ﾠwhich	 ﾠare	 ﾠless	 ﾠlimited	 ﾠby	 ﾠthe	 ﾠlow	 ﾠ
energy	 ﾠdensity	 ﾠand	 ﾠsmaller	 ﾠdriving	 ﾠrange	 ﾠassociated	 ﾠwith	 ﾠgaseous	 ﾠfuels.	 ﾠ	 ﾠ	 ﾠ
Biomethane	 ﾠand	 ﾠNatural	 ﾠGas	 ﾠLife	 ﾠCycle	 ﾠPathways	 ﾠ
	 ﾠ Biomethane	 ﾠis	 ﾠa	 ﾠbiofuel	 ﾠrefined	 ﾠfrom	 ﾠbiogas	 ﾠ(BG),	 ﾠa	 ﾠnatural	 ﾠbyproduct	 ﾠof	 ﾠ
organic	 ﾠdecay.	 ﾠ	 ﾠMajor	 ﾠsources	 ﾠof	 ﾠbiogas	 ﾠinclude	 ﾠlandfills,	 ﾠmanure	 ﾠlagoons	 ﾠand	 ﾠother	 ﾠ
agricultural	 ﾠsystems.	 ﾠIt	 ﾠcan	 ﾠalso	 ﾠbe	 ﾠproduced	 ﾠwith	 ﾠanaerobic	 ﾠdigesters.	 ﾠOnce	 ﾠbiogas	 ﾠ
is	 ﾠprocessed	 ﾠto	 ﾠproduce	 ﾠfuel-ﾭ‐grade	 ﾠbiomethane,	 ﾠit	 ﾠcan	 ﾠbe	 ﾠdirectly	 ﾠinjected	 ﾠinto	 ﾠCNG	 ﾠ
pipelines	 ﾠor	 ﾠliquefied	 ﾠwith	 ﾠLNG	 ﾠand	 ﾠbe	 ﾠused	 ﾠin	 ﾠall	 ﾠthe	 ﾠsame	 ﾠapplications.	 ﾠ	 ﾠUsing	 ﾠ
biomethane	 ﾠprovides	 ﾠthe	 ﾠopportunity	 ﾠto	 ﾠreduce	 ﾠGHG	 ﾠemissions,	 ﾠespecially	 ﾠif	 ﾠit	 ﾠis	 ﾠ
sequestered	 ﾠfrom	 ﾠexisting	 ﾠlandfills,	 ﾠmanure	 ﾠlagoons,	 ﾠrice	 ﾠpaddies,	 ﾠetc.	 ﾠIn	 ﾠthis	 ﾠcase	 ﾠ
CH4,	 ﾠa	 ﾠmolecule	 ﾠwith	 ﾠ20	 ﾠtimes	 ﾠthe	 ﾠglobal	 ﾠwarming	 ﾠpotential	 ﾠof	 ﾠCO2,	 ﾠis	 ﾠprevented	 ﾠ
from	 ﾠentering	 ﾠthe	 ﾠatmosphere,	 ﾠwhich	 ﾠreduces	 ﾠclimate	 ﾠchange	 ﾠimpact.	 ﾠMethane	 ﾠ
comprises	 ﾠover	 ﾠ10%	 ﾠof	 ﾠall	 ﾠGHG	 ﾠemissions	 ﾠfor	 ﾠAnnex	 ﾠI	 ﾠcountries	 ﾠin	 ﾠterms	 ﾠof	 ﾠCO2	 ﾠ
equivalence,	 ﾠand	 ﾠaround	 ﾠ26%	 ﾠfor	 ﾠnon-ﾭ‐Annex	 ﾠI	 ﾠcountries	 ﾠ(UNFCCC	 ﾠ2007,	 ﾠUNFCCC	 ﾠ
2005).	 ﾠHarnessing	 ﾠand	 ﾠutilizing	 ﾠbiogas	 ﾠis	 ﾠa	 ﾠkey	 ﾠstrategy	 ﾠfor	 ﾠreducing	 ﾠthese	 ﾠ
emissions.	 ﾠ	 ﾠ	 ﾠ
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Figure A-8.  Efficiencies of Fuel Pathway Steps for CNG and LNG.  
CNG = Compressed natural gas; LNG = Liquid natural gas; NA = produced from North 
American feedstock; BG= Biogas; Gas ICE = Gasoline used in internal combustion engine.   
Figure A-9.  Greenhouse Gas (GHG) Emissions of Fuel Pathways for CNG and LNG.  
CNG-BG net and LNG-BG net are total GHG emissions including flare credit for avoided 
methane emissions from BG source. 
Figure	 ﾠA-ﾭ‐8	 ﾠshows	 ﾠthat	 ﾠnatural	 ﾠgas	 ﾠvehicles	 ﾠpowered	 ﾠby	 ﾠbiomethane	 ﾠcan	 ﾠ
reduce	 ﾠtransportation	 ﾠGHG	 ﾠemissions	 ﾠby	 ﾠup	 ﾠto	 ﾠseven-ﾭ‐fold	 ﾠwhen	 ﾠtaking	 ﾠinto	 ﾠaccount	 ﾠ
the	 ﾠavoidance	 ﾠof	 ﾠCH4	 ﾠemissions	 ﾠ(represented	 ﾠby	 ﾠthe	 ﾠflare	 ﾠcredit).	 ﾠ	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Annex B.2: Fuel pathways – data and sources	 ﾠ
Fuel	 ﾠpathway	 ﾠ
Emissions	 ﾠ(gCO2e/MJ)	 ﾠ
Efficiency	 ﾠLoss	 ﾠ(%)	 ﾠ
Feedstock	 ﾠ Production	 ﾠ Distribution	 ﾠ
and	 ﾠStorage	 ﾠ
Vehicle	 ﾠ Total	 ﾠ
Gasoline	 ﾠ(conv.)	 ﾠ[1]	 ﾠ 28	 ﾠ 55	 ﾠ 6	 ﾠ 292	 ﾠ 381	 ﾠ
	 ﾠ 6	 ﾠ 13	 ﾠ 2	 ﾠ 59	 ﾠ[2]	 ﾠ 80	 ﾠ
Gasoline	 ﾠ(uncov.)	 ﾠ[3]	 ﾠ 86	 ﾠ 39	 ﾠ 4	 ﾠ 304	 ﾠ 433	 ﾠ
	 ﾠ 15	 ﾠ 13	 ﾠ 1	 ﾠ 53	 ﾠ[2]	 ﾠ 82	 ﾠ
Diesel	 ﾠ(conv.)	 ﾠ[1]	 ﾠ 24	 ﾠ 34	 ﾠ 1	 ﾠ 220	 ﾠ 279	 ﾠ
	 ﾠ 9	 ﾠ 13	 ﾠ 0	 ﾠ 51	 ﾠ[4]	 ﾠ 73	 ﾠ
Diesel	 ﾠ(unconv.)	 ﾠ[3]	 ﾠ 55	 ﾠ 37	 ﾠ 2	 ﾠ 221	 ﾠ 315	 ﾠ
	 ﾠ 15	 ﾠ 7	 ﾠ 2	 ﾠ 51	 ﾠ[4]	 ﾠ 74	 ﾠ
Hybrid	 ﾠ(gasoline)	 ﾠ[1]	 ﾠ 24	 ﾠ 27	 ﾠ 3	 ﾠ 217	 ﾠ 270	 ﾠ
	 ﾠ 6	 ﾠ 13	 ﾠ 2	 ﾠ 51	 ﾠ[5]	 ﾠ 72	 ﾠ
Hybrid	 ﾠ(diesel)	 ﾠ[1]	 ﾠ 21	 ﾠ 23	 ﾠ 2	 ﾠ 190	 ﾠ 236	 ﾠ
	 ﾠ 9	 ﾠ 13	 ﾠ 0	 ﾠ 	 ﾠ 68	 ﾠ
Natural	 ﾠGas	 ﾠ[1]	 ﾠ 11	 ﾠ 12	 ﾠ 8	 ﾠ 182	 ﾠ 213	 ﾠ
	 ﾠ 3	 ﾠ 3	 ﾠ 23	 ﾠ 48	 ﾠ[7]	 ﾠ 77	 ﾠ
PHEV	 ﾠAER	 ﾠ(Coal)	 ﾠ[8]	 ﾠ 22	 ﾠ 410	 ﾠ 0	 ﾠ 0	 ﾠ 432	 ﾠ
	 ﾠ 2	 ﾠ 65	 ﾠ 5	 ﾠ 13	 ﾠ[9]	 ﾠ 85	 ﾠ
PHEV	 ﾠAER	 ﾠ(Renew)	 ﾠ[10]	 ﾠ	 ﾠ	 ﾠ 17	 ﾠ 0	 ﾠ 0	 ﾠ 0	 ﾠ 17	 ﾠ
	 ﾠ 0	 ﾠ 0	 ﾠ 14	 ﾠ 39	 ﾠ[9]	 ﾠ 53	 ﾠ
BEV	 ﾠ(Coal)	 ﾠ[8]	 ﾠ 18	 ﾠ 331	 ﾠ 0	 ﾠ 0	 ﾠ 349	 ﾠ
	 ﾠ 2	 ﾠ 65	 ﾠ 5	 ﾠ 7	 ﾠ[11]	 ﾠ 79	 ﾠ
BEV	 ﾠ(Renewables)	 ﾠ[10]	 ﾠ 13	 ﾠ 0	 ﾠ 0	 ﾠ 0	 ﾠ 13	 ﾠ
	 ﾠ 0	 ﾠ 0	 ﾠ 14	 ﾠ 22	 ﾠ[11]	 ﾠ 36	 ﾠ
H2	 ﾠFC	 ﾠHybrid	 ﾠonsite	 ﾠ[1]	 ﾠ 14	 ﾠ 135	 ﾠ 15	 ﾠ 0	 ﾠ 164	 ﾠ
	 ﾠ 7	 ﾠ 28	 ﾠ 13	 ﾠ 21	 ﾠ[12]	 ﾠ 69	 ﾠ
H2	 ﾠFC	 ﾠHybrid	 ﾠoffsite	 ﾠ[1]	 ﾠ 14	 ﾠ 150	 ﾠ 1	 ﾠ 0	 ﾠ 165	 ﾠ
	 ﾠ 7	 ﾠ 28	 ﾠ 37	 ﾠ 11	 ﾠ[12]	 ﾠ 83	 ﾠ
H2	 ﾠFC	 ﾠHybrid	 ﾠelec	 ﾠ[10]	 ﾠ 16	 ﾠ 0	 ﾠ 0	 ﾠ 0	 ﾠ 16	 ﾠ
	 ﾠ 0	 ﾠ 28	 ﾠ 16	 ﾠ 23	 ﾠ[12]	 ﾠ 67	 ﾠ
H2	 ﾠFC	 ﾠ(onsite)	 ﾠ[1]	 ﾠ 18	 ﾠ 180	 ﾠ 20	 ﾠ 0	 ﾠ 218	 ﾠ
	 ﾠ 7	 ﾠ 28	 ﾠ 13	 ﾠ 28	 ﾠ[13]	 ﾠ 76	 ﾠ
H2	 ﾠFC	 ﾠ(offsite)	 ﾠ[1]	 ﾠ 18	 ﾠ 200	 ﾠ 2	 ﾠ 0	 ﾠ 220	 ﾠ
	 ﾠ 7	 ﾠ 28	 ﾠ 37	 ﾠ 15	 ﾠ[13]	 ﾠ 87	 ﾠ
H2	 ﾠFC	 ﾠ(Electr.)	 ﾠ[10]	 ﾠ 21	 ﾠ 0	 ﾠ 0	 ﾠ 0	 ﾠ 21	 ﾠ
	 ﾠ 0	 ﾠ 28	 ﾠ 16	 ﾠ 31	 ﾠ[13]	 ﾠ 75	 ﾠ
H2	 ﾠICE	 ﾠ(onsite)	 ﾠ[1]	 ﾠ 24	 ﾠ 238	 ﾠ 27	 ﾠ 0	 ﾠ 289	 ﾠ  127	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 ﾠ 7	 ﾠ 28	 ﾠ 13	 ﾠ 33	 ﾠ[14]	 ﾠ 81	 ﾠ
H2	 ﾠICE	 ﾠ(offsite)	 ﾠ[1]	 ﾠ 23	 ﾠ 257	 ﾠ 2	 ﾠ 0	 ﾠ 283	 ﾠ
	 ﾠ 7	 ﾠ 28	 ﾠ 36	 ﾠ 18	 ﾠ[14]	 ﾠ 89	 ﾠ
H2	 ﾠICE	 ﾠ(Electr.)	 ﾠ[10]	 ﾠ 27	 ﾠ 0	 ﾠ 0	 ﾠ 0	 ﾠ 27	 ﾠ
	 ﾠ 0	 ﾠ 28	 ﾠ 16	 ﾠ 37	 ﾠ[14]	 ﾠ 81	 ﾠ
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Annex C.1: Linking MACCs overview, 20% and 
30% reduction cases 
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Annex  C.2: L i n k i n g  M A C C s  o v e r v i e w ,  20% 
reduction case without CDM access 
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